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ABSTRACT 

Starches isclated from three graded sizes of Netted Gem 
potatoes grown commercially in Southern (Vauxhall), Central 
(Winterburn), and Northern (Peace River) Alberta were 
studied for physicochemical properties such as mineral 
composition, amylose content, and swelling and 
solubilizaticn patternse Also determined were dry matter 
and starch conterts, mineral composition, and anatomical 
Characteristics oi the tubers, grain size distribution 
within the tubers, and their suitability for French fry 
processing as judged by oil uptakee Statistical analyses 
indicated tke highly significant role of location of growtn 
in intiluencing same tuber and starch propertiese Tuber dry 
matter and starch contents were significantly hixzher for 
Vauxhalt potatoes in comparison to those from Winterburn or 
Peace RKivere In addition, Vauxhall pctatoes exhibited 
Significantly lower oil uptake relative to the other 
lLocationse There was no interdependence between wrowth 
location and tissue cell size or starch grain distributione 
Starches from Vauxhall and Winterburn grown tubers had 
Significantly higher icdine binding capacity and amylose 
contents than those from the Peace River regione Scanning 
electron micrographs were used to illustrate the behavior of 
potato starch grains during gelatinization, and the findings 
were correlated with current concepts of starch grain 


ultrastructureée 


iv 


; 
7 ij 
i , 7 7 
neem eens? eott Getalous eodovaere 
a" 
a ‘ ' ’ “ ete 4 = it ; ialblastersos> neo Ls aeur analog 
fusve @ey antoe4 Dre larcdewtale 
tvu séivbeeoe e“ig tek of LeUFa 
i s { PHe 4 rnee eno saa ook) i2G0Q860 
ie | »4 ,h OF XaF i as so hp ee siicuviocn a 
= 
’ , 7 i? ed < i a*% 8a ck ~etaertace desal/e S08 5 
, 
‘us @44 to e+itadon? bazada © 
eee 
: : invit Pae eB eedu? «or rahi 
> 
emiirvar § in di beyptot be enleegre1g 
: = 
; viaaid 239 oot ac loe 
pi avr C290 R bite 297.7 coos yo lonsilins Of 
_ = 
; ‘is a2 } ese \geioco> Ao8e7 a bow seovtae 
wwe tm) : | ,*egeoo ab asotetog As edavav 
teia te? or Pes “wey » olLisbova al “tevin eeee4 
=> es 
, ewitasey @0ntayw 10) 20903 “i tenis joule 
) ; ame 
. ~ 
iby a4 ted ¢ayue + tel on eff e1ett «sa0itaoes 
“ . bakes 
’ » Aa *® 45 tae atom evaeni? ene aoltfaas 
; - 
. os 
« 2? newex avaeerte lt Leite Siucawst ial meds am 


+ <P loeges pe beets falda yatake <i tresirinute | 
n aL ie 
ani , whges te¥44 @o0e9 _— awed ae ager oF , all 
3 Zam ef eee oi fs ot best ove wdquage 


sy sul? GPO vaou reads aba ha 


a oe 


: at- oreo — 
siesy a.%e09 Fe ives oe eee. 


— 


ACKNOWLEDGEMENTS 

I gratefully acknowledge the financial assistance 
otfered by the Department, in the form of a Graduate 
Research Assistantshir or Fellowship, which made completion 
of this project possible. 

My sincerest gratitude and appreciation go to Dre De 
Hadziyev, my supervisor, for his advice and encouragement 
during the course of the study, as well as for his 
understanding and patience during the preparation of the 
manuscri pte His critical review of the manuscript is also 
deeply appreciatede 

The suggestions provided by Mre Le Steele and his 
assistance with the computer formatting of the manuscript 
have been most invaluable, and to him I owe my heartfelt 
appreciatione I would also like to acknowledve the efforts 
of Dr's Me Haydar and Ke Moledina in performing mineral 
composition analysiSse Last, but certainly nat least, my 
thanks re due to the academic staff members of the 
Department for their kind words of encouragement, and also 
to Mre Ae Bates, for nis untiring efforts with reward to the 


preparation of figures for the manuscripte 


“ot oer 


1i@ wegnz 


= i 


- & 
aa : 


+2 2 


o 
ce | 


cco) e4Ff yal ten 


pi. jen 7408 eave 


‘ieee VB eau = 


pent@ »- Bae 


«aye? © ast oman 


—_ 
A cdveneoes—~ 


a “ss «rc Sek 


wh 


avtbnat e38000 


ks Ie iwoecnae 
cane j 


La iw ie die 


Tere aved ve 


ms 'A« ae 


TABLE OF CONTENTS 


Le INDERODUCTHONeeleleelioiaeeeeaeeaaeeaceececes 6eeee 6606.0 66 
lie LITERATUKE WOE VEL Fo Wievetehele elate elaleie @ e166 6 6 6 616/64 6 elele a 66 ee 
Ae Potato production in Canada and Albertadceccseccece 


1. Seeded area, yields, and productionecceccececs 
2e Some cultural practices in potato 
cultivation in ANGI ELCA elelele elelele ele <e\e)e4 eee alaree 


Be Factors influencing the processing quality of 
potatoes in relation to French fry productionee 


le Potato cultivarecsccccccccccseseccccsescesece 
2e Cultural and environmental conditionSeecescec 
Je Storage CONdiItioONSeccceecccccvceccsccsccscescacsece 
4e Processing CONdItTiONSeccccesccvsccsecscecscec ce 


Ce Starch biosynthesiSeccecesvcsccecececcscescecseccscce 
De Some properties of potato Starcnescececcvcsscceccece 


1. Fine structure of the starch Grainecesecssce 
2e Starch COomponentScececececesececesseceseccoseaces 
(a) AMY LOSCeoc ees cece sesesecrcesecsesesesees se 
(i) General characteristicSeccecccccece 
(ii) Formation of inclusion complexeSee 
(iii) Behavior of amylose in solutioneece 
(iv) Retrogradationecceecsceecccseoacsceseas 
(b) Amylopectineccccccccccsesecssecc severe sce 
(i) Fine structurGeeccececccccsccscscsesece 
(ii) Other characteristicSecrscecccescecce 

Se Swelling, gelatinization, and pasting 
characteristics of Starchecceeccesccccesccece 


TIle EXPEKIMENTAL ccc ccccveccecceesecsceccseccssenensece 
PotatOeSceccccccccccccccvseccsssssecsesecsssesecsece 
ChemicalSecccccccecececcssesescesses cesesscsssecece 
Equipmentecscaccessccceccetsccseseceosecsesesececcces 
MethnodS ecccecesececessesesevesesescreres esses secs co 
Ae Tuber characteristicSecceceecsesccccseccseccccseces 


Le SIiZTCececeos esx evseeseeeee ee eseeeeeeseseseseeeesecse 


26 Specific BZravitYecsecasececceceseseccsececcccesecs 


Page 


30 


33 


Teton Af & 
STUg ows Nf Bue? 
Vea é 
bs eeee 6 6 @ * ove vvaes OTH Tuecatat . 
* . ) « +o oP RIVER gueGtan Olas a 
fe én oD s nebtevbonyn eofeteos «f 
ais on : 7 oT al’ shea 4 ohvo€ of 
ot *> ate ienutivea Feed «fh 
* ‘ e #° eke t “a wwhiavitias 
; . » #*) poeieteoree!/ tal anadca’t of 
( F gut * aealtori eg cf ©8967 4406 
ot ‘ »> «4 ev itleow afaetotl «tk 
i > ss fers how tenwstwo. «f 
ate vv samoe*shaed agedore «fh 
: ® “OHstloneco peisessovs «Ff 
‘ oe. #4f Ob? C@eLe a4sitate ow 
i ee Te eeltasqesq ened of 
7 “ aby @ 20) 4° 2 2 Diet 4 east +24 
i ‘ . ‘es e@ «sf peemeagoy aotvatd. «& 
tieecnre ,eranea@geae ow 2 BBQ’ CHt 4a) 
» \ 4 '>ey a f » Lersetian ® aid 
' ) ‘ an? j Semae's tif 
; ‘ ; \e +e frenedt,.tici} 
‘ e+ oe 7] ohanegenpee 0 wA F 
‘ , A seoes » *idvequtiyvas tad 
P — sn@ew” ova. @O421 Cad 
, mw 19 of ce Yee aegto fass 
b * ,Aeset eeleioniag spelt. fewe «SG 
i iu »saeane sadane Sé@ sos? wives neveds 
* ee * 7 oe bees ee eeaeees eth MEA EEAR 
: hy a 
° ‘e e ® ‘oe RR ae To 
s e ? @ eee *@e @ @¢@ «4 


*@ieeve® tcoceve*ote 


- 

hor = ~~ - ~ 
‘We 6oee Geet cer ewe 
) = 

_ 


7 1? 


ayy 


»e* seer bee Enea ni 


Bias 


_~ 


dubedi 


THA EHO NR e Ae Oemem 
= _ 


a> i? @ 


ye 
ss Ar 


ath 7 au sopit ? 


‘ 


ts 


a 


ur:5 


Page 


3e Sanple preparation for mineral composition 


and starch content determinationSececccccece SU 
4. Mineral COMPOSitiONeccceceesescecccccscsssseee ce 51 
Se Starch contenteccccccccccecccccsccccescsesccece sy il 
6e Tuker cell size distributione ecccccccccccece ey 
7. Isolation of native starch grains from 

whole tuberecccccccesccccscscccccccessvevccccces 53 
8e Starch grain size distribution within 

potato TUDCTeccccesessccccccercsesecccsecsesccce 54 
Ge Processing quality Of tuberSeccesesccsesecce 56 

(a) French Iry preparatiaonecececcceccsccesccvvscce 56 


€bpy Ont uptake determinatione sceccccsevecsecee =) 7/ 


Be Starch characteristicSecceccccccsecsccsscescsesen =e) 
1e Amytose/amylopectin TAt1iDOcccecvccccssscccsecce fay Ff 
Ze Swelling power and SOlubilityececcccsccscecce yy) 
Ge Mineral COMPOSItidNecceeseceseccecsscsevesse0ee 62 
4. Gelatinization temperatur€eccecccccecessccsecse 63 


Se SEM study of the gelatinization praceSSeeceece 64 
6« Transmission electron microscopy study 
of starch in Situecccccessccesccssccsececseccoe 65 
Ve RESULTS AND LISCUSSIONeccccececceseccesnescseesescce 67 
Ve CONCLUSICNecccccccececeecseeccee eee eececeseaesesseseeee 10Y 


Vie REFERENCES eccesccecsreeceseceseseeseseeseseceesenece 111 


Vile VITAccccccccceccccccscreesseccesrcerecceccecssceseses 125 


a4 
: Vinéde) 6 
‘ * 
@ @ 6 
* ¢ 
6 e 
b 
. 
{ 
* , J 
‘ 
® 
78 6 
> *® ¥ * 
o 
6 
® 
i | 


» P.ePeene ce on ht ieee satan 


4S Mavala oF (ene Se dade eleey 


iptehin wt co lf eveqgies, Ofqped of 
Pe ealaseteu ' eteta Aeeetw wae 


eé¢ @¢ S@¢e ‘ so ( €QSC RR 


- 
7H +t 
60 ueicrain eshe Biew G40eT of 
a? 


es @r eve . . ee eOeGe ateae 
oe, te htiu@t@hiatgis:s «© Lo wine Apwwst a” 
o< « ee eise Oe? wi AP ay 
pais gameae 1s Cts¢aGp GAL Oeeoess 08 
‘ a Al? gp cae aes “Foes bed 
ee4he ang -erersp weergd D2 a4 
pawed or ah o PS SMV 944 Gan. Bese 
sah pies id Palo gee. eawd gem, of 
s-€filiwihe &4e eeeng Gabi faut 06 
seeeserae, ote Mappa neers «f 
. us too ace? «oh ip eiapensay 6 


; ; ‘ 

utgliale> ¥@r- bp) Gets, SER de 

» wey jo )ont-etfs chi pel up 6é 
ene nznae or s.4 eis S ¥ “7 w ‘Tae? te 


% 
one exe eo e082) 


» ee & oe ee *v eo 6 eres, +o 
tein ele pete ke akelew hee eee 


ese e® cons cher e ne The WER 
a 
——— 


‘40 gen ativeze 604 


wr 


- 


Table 


10 


11 


12 


13 


14 


15 


16 


LIST OF TABLES 


Seeded area, average yield, and prodiction of 
potatoes in Alberta and Canada (1971-1978) 


Seeded area, average yield, and production of 
potatoes in Canada in 1977 and 1878 


Some cultural practices employed in the 
cultivation of potato crops in Alberta 


Summary of statistical analyses 
Dry matter and starch contents of potato tubers 


Diamwetric measurements of cells in designated 
tissue zones of raw potato tubers 


Surface areas of cells in various tissue zones 
of raw tubers 


Volumetric size of cells in the cortex, 
perimedullary, and pith regians cf raw tubers 


Gelatinization temperature of size-graded 
starch grains 


Starch grain size distribution of various 
tuber samples 


Iodine binding capacity and amylose content 
oi starches of various potato tubers 


Ash content and mineral composition of 
potato tubers 


Mineral composition of starch from pctato tubers 


Swelling power of starch from potato at various 
temperatures 


Percent solubles of potato starch at various 
temperatures 


Oil uptake of French fries prepared from 
various tuber samples 


viii 


Page 


72 


73 


714 


77 


73 


RS) 


381 


33 


36 


37 


99 


” _ 
» 4 =i) 
P * ise 4 * 44%" iavsbdeed 
uf é "4 ® ,a2icg 
—s © behead 
‘ i ‘ 2374 
‘ f 3y é Paos 
> ¢ F <— 
t : bd ? gia & 
+" % tee wef 
, toe "30 s3>@¢neal18 
‘ 7% “a ee <-sS » wen i? 
: 1 j > % ‘iow sons seo 
5 j ~*~ +3 
tu “ * puta? 
- ¢ sMmizté¢~@ 
i, 
hm b part ot. awh 
. *, 4 to 9 @ 
BE. bs "Tes @ eta hel & 
o Ove ae 
i ay > 24 sc weg Sarr Lb 
c ais ineWw 2% aetetary to 
; jeunes) satenus Uta teghm dey = E 
atete> ater 1a a 
= : 
' (eA wowed Zn 4% pat anegene. Layne 7 
_ ; ook “cete 29 toeeg ce e+ 


— : en 
ee Sia 


tas +T_tiege > 
796 


\ ae 
- = 


nos 


LIST OF FIGURES 


Figure Page 
ia Illustration of the synthesis of amylose and 
amylopectin from maltotetraose (Whelan, 1958) 1S 
2: Scheme representing the synthesis of amyiose 
and amylopectin from nucleoside diphosphate 
sugars (Whelan, 1963) Bre 
& Scheme tor starch biosynthesis proposed by 
Geddes and Greenwood (1969) 17 
4 Schematic representation for starch formation 
proposed by Badenhuizen (1969) 20 
Si Scheme for the biosynthesis of starch 
components (Marshall, 1972) P26 
6 Diagrammatic representaticns of various proposed 
models for amylopectin structure 40 
v7) Scanning electron micrographs of size-graded 
starch grain fractions 55 
& Standard curve of EMF versus free icdine at 309C 58 
9 A typical curve for the potentiometric titration 
of starch with iodine at 309C 60 
10 Plot of bound versus free iodine 61 
jay Light micrographs showing longitudinal sections 
of raw tuber tissue zones 75 
Nit, Swelling patterns of starch from Southern 
Alberta potato tubers 33 
13 Swelling patterns of starch from Central 
Alberta potato tubers 38g 
14 Swelling patterns of starch from Northern 
Alberta pctato tubers 90 
15 Solubilization patterns of starch from 
Southern Alberta potato tubers 91 
16 Solubilization patterns of starch from 
Central Alberta potato tubers 92 
17 Solubilization patterns of starch from 
Northern Alberta potato tubers 93 


- 
bia o'? 36 nod ‘ i414 
’ ‘ ° 7 
» ew 7 ‘ pee if 
> ' ? ‘ sa de 
’ ou 7&uiuge 
x ; - 
i o,, S&S eenersaD Pu seh) 
‘ «é 4 ‘tes a ue 
eved vy us 
, ‘*o wee > ae / , ) ep 34: 
® n i “7 yey Geo 
h - sae ve [— . % Ad 
~~. 
raf ws = *: ° 
’ ° oo” : i wy 
os ‘23> = 
a 
want « 
: 4 vane feetge? A 
; fiebe? ethusr 49004) Be 
; j 
. : 7 ” Bud 
: oat fore are sige Psi ata 
ye noe ewee TP wadsie wes le 
: \ 
ies >) icc? @ 1 & pI inet 
s* hetey a? sede 
“hs ‘ 
‘ ; P 9 : by 
| io atetteg Anittews “St 
ub? ATeteq MOREE, a 
: q 
—~ 
5 a 7 
| of.) s8909 6. 3h sive cee post he 
' SV edne “= 


- ne 


ibs a te ty 


a3 


Figure 


21 


Percent sclubility versus swelling power of 
starches from Southern Alberta potato tubers 


Percent solubility versus swelling power of 
starches from Central Alberta potato tubers 


Percent solubility versus swelling power of 
starches frcem Northern Alberta potato tubers 


Transmission electron micrographs illustrating 
the starch in raw and cooked tuber cortical 
cell(s) 


Scanning electron micrographs of native 
starch grains undergoing gelatinization 


Paze 


96 


¥7 


101 


“a4 
‘es @ gatiteee gueit-¥ <? 7 dgoles rasse4 
“.) Steteq ebeetls a8 en°ne? Gaet sesatate 
i mceey gashlec® aneiee os OCs taspwet ei 
é :s e i> os ly ae aai « ; 6 we. uvaus euuveas @ =e 


: as tews ¢ wp tiideioe ¢ umes ba 
, Pag @2¢4°@0 1 « Ho 2 er er a»! aeuegete 
=? i «dwesaeoare woe tw sendepeire is. 
eT rT a as ede) Vedas “Un CBW «% aatere oat : 
telileo —- 


e@ls , 4 " Ve Daegm 299.49 e48 ativgnans +* 
- fuleelag gy (eatehen (Qqbeay tameee 7 


Ie INTXODUCTION 

Currently, 35% of the potatoes produced in Alberta are 
consumed as fresh table potatoes, 5% are used for seed 
production, and 60% are processed into dehydrated granules, 
chipS, or French friese 

Most processors in Alberta favor the Southern grown 
potatoes over those grown in Central and Northern regions, 
claiming that Southern potatoes have better "processing 
quality". In response to the concern of all growers, 
research was initiated to investigate scme of the parameters 
influencing frocessing qualitye Starch was isolated from 
tubers and analyzed for its physicochemical characteristics 
in relation to growth location and tuber size. In addition, 
comparisons were made for average tissue cell size and 
starch grain distribution in whole tuberse The oil uptake 
by French fries was ccmpared for the various tuber 
categories, and discussed in relaticn to the parameters 
Revo tigated All these results, aside from providing 
useful data to processors of French fries, will be of 
academic value and interest by serving as a source of 
information on tuber and starch characteristics ot Alberta 


potatoese 
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IIe LITERATURE REVIEW 
Ae Pctato production in Canada and Alberta 
le Seeded area, yield, and production 

The production of potatoes in both Canada and Alberta 
has been fairly stable over the past decade (Table i). In 
spite of the reduction in seeded area devoted to the pctato 
crop in Alkerta since 1975, production has remained rather 
constant owirg to improved yields. At present, Alberta 
ranks second among tne Western Provinces, accounting for 
approximately 8% of the country's total production (Table 
2)e 

In Alberta, about 80% of the crop is grown in the 
Southern regions, with Netted Gem being the most common 
commercially grown cultivare About 60% of the crop is 
processed into dehydrated granules, chips, and French frieSse 
In addition, some iS canned, or utilized for starch 
productione 

Ze Sone cultural practices in potato cultivation 
in Alberta 

A summary of the available information is presented in 
Table Ge Seedirg and harvest take place at about the same 
time in Southern, Central, and Northern Alberta. In 
Southern Alberta, however, the crop is usually planted with 
closer spacing, and a considerably lower rate of fertilizer 
application is used when compared to the Central and 
Northern locationse Irrigation, though not required in the 


latter two areas, is a must in the South in order to 
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Maintain soil moisture at a level above S0% of the field 
capacitye 
Be Factors influencing the processing quality of potatoes 
in relation to French fry production 

Tne processing quality of potatoes can vary not only 
among tubers, but also within a tuber. Climate, and 
cultural and storage practices contribute to the 
variabilitye 

Therefore, selection of raw material has been accorded 
careful attertion by processors, the acceptability of tubers 
being dictated by the type of end product desired, and by 
processing conditionse Specific gravity and dry matter (Di) 
content have always been utilized as practical criteria in 
the assesszent of processing quality of tuberse While 
positive correlations with tuber processing quality have 
been established with these two factors (Barrios et ale, 
1961a), contradictory findings have also been reported 
(Kunkel ne Holstad, 1972; Motes and Greig, 1970)- However, 
as pointed out by Weaver et ale (1975), specific gravity 
measurements, in conjunction with determination of reducing 
sugar content and frying tests, still provide the best basis 
for screening of raw tubers for fryinge 

The quality attributes of majcr cencern to processors 
are color, tlavor, and texture of French fries (Maclean et 
ale, 1966). Factors known to influence French fry quality 
include the cultivar of potato, and cultural and 


environmental, storage, and processing conditionse 
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1e Potato cultivar 

The potatc cultivar is widely accepted to exert the 
greatest influence on processing qualitye Using cultivars 
of high DM content (high specific gravity) would usually 
ensure a satistactory end product characterizea by increasea 
yield, crispness, and mealiness, low oil content, and 
improved flavor (Maclean et ale, 19663; Kirkpatrick et ale, 
1956). 

Cultivars also vary in reducing Sugar content 
(Swiniarski and Ladenberger, 1970), tendency to accumulate 
reducing sugars during storage (Agle and Woodbury, 19683 
Samotus et ale, 1974a,b3 Miller et ale, 1975), and response 
to oridibtite wiitda (Agle and Woodbury, 1968; Iritani and 
Weller, 1977) -- all of which have a role to play in 
determining the appearance (color) of the end producte 

Mohr (1972) reported that the amount of pith tissue in 
the tuber was cultivar dependente Pith tissue, which is 
lower eS starch content than ccrtex or perimedullary tissue, 
exhibits a greater tendency to absorb fat during frying than 
perinzedullary tissue, thus adversely affecting the textural 
quality of the fried groducte 

2e Cultural and environmental conditions 

Cultural and environmental conditions include: time of 
planting and harvest, plant spacing, soil type, temperature 
during the growing season, available moisture, 
fertilization, insect and disease control, and vine killing. 


The time of planting and harvest, along with a 


ee j 7 a vs 7 Sabie) in 

- 7 “a 

; 7 <a 
gestive, otereeecd” 

7 

, ’ ree Vv ce Aw 2 yaevtielivue efertsq eft Fa 


P <= 
. 
5 me oi pey »@ ‘@ @@ e SAeul ! ii sued se ee 


iT eau » 5 fief 4s as © AIS > he! fagid ) nn 

"7 fer pabairae # er ven®e 

é4 I mh ,2Pe49F 65 > eofet 

> » setae e i vowels Hhewowrrat 

«€ JB83 

é * . wt? ? te 7) Ao ped & “apoeviyv Ym | 

' ,ioge és tees ope iumsedo joa)” 

~~ 1 Siem @t te pee Oe evo, anda . 

- — 

J “~ ipsa esta 7S aut saad 

cs 
Ly th toe #144) eninwl? Lone oF 

ae as 

en 

j if i le wa 5 , = itr al sted to 

_ . oth =e seege +t beta twet ot 

a ps 
_ 

; 7 

, 4 : | weinen wil td qoteanet LEPELY “om peo" 
~*~ 
‘ a? is j aver” sv lelew 6ee8 tndgh wie 
7 Ss 

eet te aed mt teebnen wo5ute awh a 


% 
{ 


= 
= 


fer ab: 
in im oF wicea® oa? +93 2 90a = si hake : 


camel rm tea widebheebe weet Quad 20H Lasmeny 


Souboertqm oviek setae ty oo a 
1? grees A a Arabs tame bao ewww 4 
i - 


a @6sf ‘ei 4aq4 9 ee Be) intasmenniyns one nw ’ aoe 


“fulanaqeet ~eqge iine dai toe cman yw “eginaie 
~#) 
; 


@ atiwnes Loraaee oN tee ae ene” Gules Bi ast 


bee _ 


pewur neon ae 
v 


7 i ? 2-8 ee ad ba oat sii - ots 7 
i Bad ode Prac Ta Seer al. mass ee 
aa —_" 
Gete 2 
hes » 


, = 
"28 
on 


multitude of other factors such as insect and disease 
control and vine killing, affects the maturity oz tubers, 
which then affects the quality of the processed product 
(Smith, 1975a)-. 

Decreased plant spacing (ieee, increased plant 
population) was found by Bleasdale and Thompson (1969) to 
result in pctatoes high in specific gravity and DN content. 
This might have been a result of decreased soil fertility 
and water availability, factors which correlate with 
increases in sgecific gravity and DM content (Smith, 1975c )e 
These findings, however, were not substantiated by Timm et 
ale (1963), who indicated that seed spacing had no 
&ppreciable effect on specific gravity of the ‘White Rose‘ 
cultivar in three out of four trialse 

Soil type exerts its influence on quality via 
differences in water holding capacity, drainage, aeration, 
temperature, or fertility. Nash (1941) stated that soil 
type per Np ETE or no influence on DM content, and Neenan et 
ale (1967), in an investigation involving mineral and peat 
soils, concluded that soil type has little, if any, 
influence on specific gravity of potatoese 

The rates of metabolic activities of the potato plant, 
such as uptake of nutrients, photosynthesis, and 
respiration, are largely influenced by temperature during 
growth (Smith, 197Sa).e The author stated that reduced 
accumulation of carbohydrate reserve in tubers occurs at 


high temperatures, since the increase in the rate of 
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respiration is greater than that of the rate of 
photosynthesis, thus resulting in low specific eravity 
tuberse The observations of Motes and Greig (1969, 1970) 
Lend support to this statemente They noted the associations 
between high air and soil temperatures, and low specific 
gravities and dark chips or friese This can tbe avoided by 
irrigation, which serves to lower the soil temperature, 
thereby minimizine the loss of carbohydrate reserve through 
respiration (Motes and Greig, 1970). However, it is 
generally conceded that excessive application of water, 
particularly during a low temperature growing season, often 
results in reduced DN content and specific gravity of 
potatoes (Prince and Blood, 1962). 

Results reported in the Literature are not unanimous 
regarding the effect of fertilizers on quality, but, in 
general, increased fertilizer application decreases specific 
gravity (Kunkel and Holstad, 1972). Of the three major 
mineral 2 ean? oa N and K are considered to tear more 
Significance than P in affecting specific gravity (Lujan and 
Smith, 1964). 

Maclean et ale (1966) found that French fry quality 
characteristics were lowered by increased N application, 
whereas P fertilization had no effecte With increased Kk 
fertilization, improvements in orly some of the quality 
attrinutes were abservede 

The form of fertilizer (Lujan and Smith, 1964; Maclean 


et ale, 1966) and the method of fertilizer placement (Smithy 
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1975a) has also been implicated in influencing processing 
qualitye 
Ge Storage conditions 

The significance of storage conditions in relation to 
processing quality of potatoes is well established (Hyde and 
Morrison, 19€45; Cuniuingham et ale, 19663 Schippers, i971; 
Samotus et ale, 1974a; Iritani and Weller, 1977). Ideally, 
storage conditiors should permit rapid wecund healing of the 
tuters immediately after harvest, with minimum sprout growth 
and loss in weight, no decrease in specific eravity, and 
little or no accumulation of reducing sugarse It is 
generally reconmended that potatces which are to be 
processed into French fries be stored at 10-12.8°9C (Smith, 
1975b )e Sparks (14973) found tower peel and trim losses, as 
well as lower sugar content of tubers, Lighter color, and 
better tlavor and texture (mealiness and crispness) of 
French tries processed from tubers ventilated with air of at 
least y5% relative humiditye On the otter hand, Smith 
(1875bd) stated that storage at about 4-e49C to avoid 
infection and decay of tubers is advisable if field frost or 
Late blight rot is in evidencee The author also pointed out 
that tubers stored at temperatures below 10°C must be 
reconditioned at a temperature between 15-6 and 2647°C, 
while maintaining relative humidity between 75 and G0%, 
until a desirable level of reducing sugar is attained, as 


revealed by frying testSe 
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4. Processing conditions 

The effects of processing on French fry quality were 
reviewed by Weaver et ale (1975). Processing methods or 
conditions in the French fry industry are often monitored to 
ensure that the end product will be of optimum qualitye For 
instance, hot water blanching of French fry strips prior to 
frying results ina more uniform color, reduced oil content, 
and improved texture of the final product (Isteib et ale, 
19643; Weaver et aie, 1975)-~ 

In addition to blanching, the oilt content of the tried 
product can be controlled by manipulating thickness of 
slices, and frying conditionse Hydrogenated vegetable oil, 
because of its improved stability against rancidification, 
is used rather extensively as a frying mediume Frying 
temperature is of importancee In general, a rise in 
temperature increases oil deterioration, Leading to French 
fries of inferior quality due to off-flavor development. 
Pepe eee a bis sdcize stability of the frying oil at elevated 
temperatures can be achieved by the addition of silicone oil 
(organo polysiloxanes), which also serves to increase the 
smoke point of the frying oil and, in so doing, miniaizes 
charring of French fries, thereby reducing off-flavor 
development in the end product (Babayan, 1961). 
Ce Starch biosynthesis 

It is widely accepted that the biosynthesis of starch 
is initiated inside tne cytoplasmic organelles known as 


plastids (Badenhuizen and Chandorkar, 1965). Although much 
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is Known about enzymic reactions during starch synthesis, 
the mechanisas involved in starch grain formation are not 
well established, as is apparent from a number of reviews 
(Pazur, 19653; Manners, 19638; Badenhuizen, 19693; Marshall, 
1972; Banks and Greenwood, 1975). 

The principal enzymes which have been associated with 
starch biosynthesis are: (a) phosphorylase 
(a-1,4-xzlucan:iorthophosphate glucosyl transferase, 
EeCeo2e4eiel), also known as P-enzymes (b) Q-enzyme 
(a-1,4-glucania-1,4-glucan 6—-glycosyl transferase, 
EeCo2et4elelt&), a branching enzyme; and (c) starch synthetase 
[uridine or adenosine diphosphate glucose (UDPG or 
ADPG ):a-1,4-glucan 4—-glucosyl transferase, EeCe2edelell Jo 

In vitro, rhosphorytase, with malto-oligosaccharides as 
primers, produces amylose from glucose-i-phosphate (G-1-P), 
while Q-enzyme proauces amylopectin from amylosee A chain 
length of at teast 40 glucose units is required for potato 
Q-enzyme action (Nussenbaum and Hassid, 1952). Starch 
synthetase, on the other hand, using UDPG or, preferably, 
ADPG as a glucosyl donor, is capable of synthesizing a-1ly4 
bonds (Frycman, 1963). This enzyme, because of its strony 
adsorption to the starch grain, has been reported by 
Chandorkar ana Badenhuizen (1967) to be an integral fart of 
the starch grain structuree A soluble starch synthetase 
capable of utalizing only ADPG as a glucosyl donor has also 
been isolated frem potato tubers (Frydman and Cardini, 


1966 )- 
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Doubts have been expressed concerning the role of 
Fhosphorylase as the major starch-synthesizing enzyme upon 
the discovery of starch synthetase, an enzyme which utilizes 
sugar nucleotides as glucose donors (Leloir et ale, 1961). 
In spite of this, there are still claims that phosphorylase 
is responsible for a large portion of starch synthesis (Tsai 
and Nelson, 1969; Badenhuizen, 1963, 1962). As Badenhuizen 
(1963) indicated, no satistactory evidence exists which 
would disqualify phosphorylase as the principal enzyme in 
starch biosynthesise 

ADPG-starch synthetase, the presence of which has been 
reported in amylose-containing starch grains (Fekete et ale, 
14960), has not beer proved to be the major starch 
synthesizing enzyme (Badenhuizen, 1969, 1973). However, it 
is assumeda that the enzyme may serve the imrortant function 
of producing oligosaccharides from maltose, which could then 
serve as primers for phosphorylase. Badenhuizen and 
Bocasias (1965) also postulated that the presence of 
linear molecules in wrains may be attributed to the stronz 
atfinity of the enzyme for starch moleculese 

Tne relative importance of phosphorylase and starch 
synthetase in jin vivo starch formation is still uncertain, 
but, as stated by Banks and Greenwood (1975), the fact that 
both enzymes are present in adequate amounts in the 
starch-synthesizing tissues of higher plants makes it 
possible that all the a~1,4 linkages synthesized can be 


attributed to either enzymee However, the prominent role 
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assumed by phosphorylase over starch synthetase in starch 
biosynthesis has been implicated in potatoes (Pottinger, 
1964). 

The realization that tne Pe and Q-enzymes are both 
soluble and localized in the plastidal stroma (Badenhuizen 
and Chandorkar, 1965) poses a fundamental problem in the 
understanding of the mechanism of starch biosynthesise It 
is difficult te account for the coexistence of Linear and 
branched molecules within the starch eraine 

Several thecries have been advanced to explain this 
phenomenone The compartmentalization theory ot Whelan 
(1s58) Suezgests that the synthesis of linear and branched 
molecules takes place in two compartments, separated by a 
membrane which prevents free diffusion cf the enzymese The 
membrane is, however, permeable to glucose and 
oligosaccharides af low degree of polymerization (DP). A 
schematic representation of this theory is given in Fieure 
1. | 

According to this theory, D-enzyme brings about a 
disproportionation of the maltotetraose (primer), causing 
three glucose units of the primer to be incorporated into 
amylopectin and one into amylose, thereby accounting for tne 
commonly encountered 3:1 ratio of amylopectin to amylose in 
most natural starchese The theory was subsequently revised 
to accomodate the role played by starch synthetase (Whelan, 
1963). The modified scheme (Figure 2) shows the formation 


of amylose from ADPG or UDPG by starch synthetase, while the 
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Synthesis of amylopectin is carried out by rfhosphorylase and 
Qr-enzyme in the presence of G-1-P and primere 

Tne amylorgectin in this scheme plays the role of a 
physical barrier. It surrounds the amylose-synthesizing 
enzyme, tkus preventing the diffusion of Q-enzyme to the 
site of amylose synthesise However, the barrier does allow 
the passage of tre ADPG or UDPG molecules, which are 
glucosyl donors in amylose synthesise 

Starch synthesis involving a glycogen precursor 
mechanism was favored by Erlander (1958 )e The proposed 
mechanism involves the conversion of glycogen (also known as 
phytoglycogen) to amylose and amylopectin via the action of 
a debranching enzymee The linear chains obtained by the 
removal of the exterior a-1,6 tinked chains are believed to 
be joined together tc form amylose, while the residual 
debranched glycogen constitutes the amylopectine This 
postulate nas received little support since glycogen has not 
been Found in any glant other than sweet corn, and there is 
no evidence for the presence of a detranching enzyme in 
plants which will act on glycogen (Marshall, 1972). 

Geddes and Greenwood (1969) have suggested a 
multi-pathway system for starch biosynthesis (Figure J)e An 
outstanding feature of the postulate relates to the 
formation cf a Linear dextrin ‘pool! derived from 
transglucosylase pathways, phosphorylase synthesis, or 
amylose degradatione Also, the growth of the grain takes 


place by apposition at the grain surfacee The intense 
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Figure 3. Scheme for starch biosynthesis proposed by 
Geddes and Greenwood (1969). 
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Synthesis og Linear chains at or near the surface saturates 
the activity of C-enzyme, thereby preventing a proportion of 
the molecules from becoming branchede This hypothesis 
explains the otserved increase in amylose content (relative 
to amylopectin) with increase in grain sizee 

A concept in favor of the amylose-precursor mechanism 
was proposed by Badenhuizen (1963). The author also favored 
the view that grain formation progresses by rapid pericdic 
crystallization of a coacervate within the matrix of the 
amyloplaste In each coacervate droplet, linear molecules, 
which are continucusly formed, are gradually branched by the 
Q-enzymee Crystallization may occur before tranching is 
complete (ordinary starches), or after it has been completed 
(waxy starches). Deposition ot the coacervate droplets 
takes place at the geriphery of the already existing starch 
graine 

Evidence in support of growth by apposition was 
eee itedés by Badenhuizen and Dutton (1956) by using a 
C1%-labelled precursor and following the growth of the 
starch graine Badenhuizen's theory suggests an even 
distribution of the linear and branched components within 
the grain cf ordinary starches, an assumption which is not 
inconsistent with the observation that residual potato 
starch grains obtained after bacterial a-amylase treatment 
contain the ssue amount of amylose as was in the original 
grain (Leach and Schochy, 1961 )e Intussusception, according 


to Badenhuizen (1965), is responsible for the tengthening of 
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the existing mclecules, particularly the Linear chains. 

This provides an explanation for the apparent increase in 
the linear ccmponent during starch grain growthe A proposed 
pathway for the bhiosynthesis of starch comfronents is given 
in Figure 4 (Badenhuizen, 19629). 

Some distinctive features of the scheme (Figure 5) in 
relation to the hiosynthesis of starch components, advanced 
by Marshall (15372), point to the assumptions that: (a) ADPG 
is the precursor of amylopectin, and UDPG of amylose; and 
(b) phosghorylase plays a minor role, if any, in starch 
synthesis. Nevertheless, the absence of pyrcphosrhorylase 
in potato tubers inplies that ADPG may te generated via 
ancther route, probably that which involves sucrose 
synthetase (Cardini and Recondo, 1962). 

A recent contribution to knowledge of starch 
biosynthesis, made by Schiefer et ale (1973), bears some 
resemblance to Marshall's proposed schemee They also 
establisted the formation of amylopectin by a 
synthetase-tranching enzyme complex and that of amylose by a 
synthetase, the ratio of amylose/amylopectin being 
determined by the ratio of the two forms of synthetase 
enzymese 

The foregzcing reviews show that the mechanism of starch 
biosynthesis has not yet been fully elucidated, thus 


emphasizing the need for further research in this areae 
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Figure 4. Schematic representation for starch formation proposed 
by Badenhuizen (1969). The enzymes involved are: 
(1) ADPG-fructose glucosyl transferase, (2) invertase, 
(3) sucrose phosphatase, (4) UDPG-fructose phosphate 
glucosyl transferase, (5) hexokinase, (6) isomerase, 
(7) glucomutase, (8) pyrophosphorylase, (9) phosphorylase, 
(10) Q-enzyme, (11) a-glucan glucosyl transferase, 


(12) amylases, (13) maltase. 
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De Some properties of potato starch 
1. Fine structure of the starch grain 

Starch grain structure varies with the starch source, 
So knowledge acquired from the study of a given starch 
Should not and cannot be extended to starch grains in 
wenerale Emphasis in this discussion will be on Literature 
pertinent to potato starch structuree Since the subject has 
been critically reviewed by Sterling (1968), and, more 
recently, by Hanks and Greenwood (13975), attention will be 
given targely to literature published within the past 
decadee 

Native starches are semi-crystalline, and, depending on 
their pepetallusres patterns, as revealed by X-ray 
ditfraction spectra, can be arbitrarily classified as Amy 
B-, and C—starchese Wost cereal starches are Amstarchesy 
while potato and anylomaize are representative s-starchese 
C-starches, which include those from smcoth peas and beans 
(Katz nha van Itallie, 1930), exhibit an X-ray diffraction 
pattern intermediate between those of A- and sp-starchese It 
is of interest to note that the crystallinity of potato 
starch, estimated at 22% (Sterling, 1960), has been 
attributed to the amylopectin component, while amylose would 
be in the amorghous state (Banks and Greenwood, 13975 )e 

The starch grain, which is birefringent (a phenomenon 
indicative of a high degree of molecular order and 
orientation), also has tamellations in its structure -- a 


feature accentuated by acid or enzyme treatments (Hollinger 
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and Marchessault, 1375). The development of these shell 
structures is kelieved to be influenced by environmente 
While such a concept holds true for wheat grains, shell 
formation in ¢ctato grains is independent of the effects oft 
day-night aiternation (Buttrose, 1962). Rather, endogenous 
rhytnom, which regulates the supply of starch precursors and, 
thus, molecular packing density, is responsible for the 
control of shell formation in potato starch grainse 

The layering effect is an important part of some starch 
@rein modelse A proposal for a lamellar model for Sboti 
starch, in accord with the long-held view of appositional 
growth of starch grains, has evolved as a result of the 
anisotropic light scattering study conducted by Mencixk et 
ale (€1971)- Furthermore, a radial arrangement in the grain 
structure was advocated for the six-fold helices of the 
starch euler cu eid 

Employing the same technique, Finkelstein and Sarko 
(1972a,b) concluded that the grain structure of potato 
starch consists of relatively few but coarse layers (4-7 pm 
in thickness) with varying degrees of anisotropye In 
addition to their suggestion that the coarse layers might be 
composed of finer sublamellar structures, they also 
indicated the presence of an isotropic center (hilum) in the 
grain morphologye 

Confirmation of tamellar structures was provided by a 
scanning electron microscopy (SEM) study of acid and 


a-amylase treated cross-linked potato starches (Hollinger 
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and Marchessault, 1975). It was found that the core of the 
potato starch grain is a region of weak organization, as 
evidenced by its great susceptibility to the hydrolytic 
action otf acid ard enzymee 

On the cther hand, in replicas of fracture faces of 
Lintnerized potato starch, Sterting and Pangtorn (1960) 
could not observe any lamellationy, but, instead, provided 
evidence for the presence of fibrillar organizaticn in the 
grain structure. They could readily distinguish radially 
Oriented microfibrils (average diameter of about 270 x and 
a tength of at least 4000 A) which seemed to be composed of 
micellar strands (80-90 i in diameter), with amorphous 
starch occupying the intermicellar regions. The 
microfibrils may join together to form a larger strande 
Similar microfibrillar structures were also seen in 
freeze-etched surfaces of freeze-fractured Lintnerized 
potato starch grains (Leonard and Sterling, 13972). 

Subsequent SEM studies carried out by Sterling (1974, 
1976) in the examination of potato starch grains undergoing 
various stages of gelatinization also suggested deposition 
of starch molecules in the form of long radial fibrils, of 
varying diameters (Ue1-1-.0 pm), radiating from the hilum and 
traversing the concentric lamellations of the grain 
structuree It was suggested that these fibrils, associated 
through hydrogen tonds and/or van der Waals! forces, contain 
radially oriented molecules connected by covalent bonds in 


the radial directione Consequently, the regions ot weakness 
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are exclusively radial in the grain structure. Concentric 
lamellations, telieved to be the major organizational factor 
in the starch grain structure, were alsc noticeable at the 
periphery of the starch grain (Sterling, 1974). 

The presence of pores on the grain surface is 
implicated in the fibrillar concept. In native potato 
starch such pores were found to have diameters ranging form 
0.-5-75 nm, with smalt pores (0-25-20 nm) concentrated in the 
intermolecular and intermicellar Spaces within the lamellae, 
and large pores in the interlamellar regions, the latter 
representing tangential zones of weakness (Sterling, 1973). 
The recent findings of Wetzstein and Sterling (1977) and 
Kassenbeck (19878) also support the fibrillar concept of 
potato starch grain structuree 

By subjecting Lintnerized potato starch to the action 
ot bacterial a-amylase, followed by a mild periodic acid 
oxidation and silver fixation, Gallant et ale (1972) 
ee: ted the presence of both radial and tangential 
(concentric) organization in potato starch grain structure. 
Redial arrangement of microfibrils was observed in inner 
regions clcse to the hilum, while tangential order was 
evident in the outer regionSse These findings confirmed 
those reported by Sterling (1974). 

Another potato starch grain model views the grain 
structure as consisting of an amylose core surrounded by 
tangential layers of crystalline isodiametric micelles of 


folded anylorectin molecules stabilized by intermolecular 
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hydrogen bonding (Gruber et ale, 1973)~e 

An investigation involving tritium-labeltied corn and 
potato starch grains (Nordin et ale, 1970) has shed some 
Light on molecular orientation in the grain architecture. 
The authors suggested that the starch molecules are oriented 
with their non-reducing end at the grain surfacee The 
implications of this were discussed in relation to the 
growth of grain structure by appositione 

The chain conformation of starch molecules in starch 
#Zrains has also been a matter of concerne On the basis of 
X-ray diffraction studies of oriented B-amylose fibres 
prepared from potato amylose, Blackwell et ale (1969) 
suggested that the amylose chain in B-starch is a 
lefit~handed, single, six-fold helix. Water molecules, an 
essential feature of the postulate, are found intercalated 
between glucose units in adjacent helical turnse 

Sarko and Wu (1978), also working with the same 
eas ficw mite od strongly in favor of a model for A- and 
Br-amylose structure characterized by a right-handed, 
parallel-stranded, double helix packed in an antiparallel 
mannere The A- and B-structures, however, differ with 
respect to the packing arrangement of the helices, and water 
contente 

Another acdel for B-starch (Kainuma and French, 1972), 
which involves intertwined double helices, stems from the 
view that water is not an integral part of E-starch crystal 


structuree Starch chains, represented by left-handed double 
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helices (arranged either parallel or antiparallel), were 
said to be packed in a way which excludes interchain watere 

Worthy of note is the helical carrier chain model for 
amylopectin developed by Frey-Wyssling (1969). This chain, 
which can be accomodated in the O0e1 pm apposition lamella, 
consists of a tangentiatly oriented six-fold helix carrying 
radially orientec parallel side chains characterized by 
three-troild glucosan helicese This gives a grain structure 
with both lanellar Gperiodicity = 80 A) and fibrous 
(periodicity = 10-6 re characteristicse The amylose helical 
Chains, in accordance with the proposed amylapectin 
ultrastrucutre, assume a six-fold tangentially arranged 
contormatione Such a helical conformation of the carrier 
chain in the anylopectin structure was favored by the author 
over the fold conformation advanced by MUhlethaler (1965) on 
the grounds that the tormer was based on the established 
amylose chain ccnformation, while regularly folded amylose 
chains ae still of a hypothetical nature. However, the 
helical model, as Frey-Wyssling (1969) admittec, is not 
without flawse 

Despite the many investigations that have been 
conducted, precise information on the structure of native 
starch grains, with respect to the distribution of 
erystalline and amorphous areas, and molecular chain 
conformation, is still lacking, as is obvious from the 
highly centradictory nature of the viewpoints presented in 
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2e Starch components 
To conduct fundamental investigations on amylose and 

amylopectin, starch must first be isolated and then 
fractionated into its two components by non-degradative 
procedureSe Many investigations have been conducted with 
regard to tractionation techniques (Cowie and Greenwood, 
1957ayp; Banks et ale, 19593 Gilbert et ale, 1964). The 
most efficient method, as outlined by Banks et ale (1973) 
and Greenwood (1976), entails pretreatment o# starch with 
dimethylsulfoxide to ensure complete dissolution, dispersion 
of the grains in water, and selective precipitation of 
amylose by either thymcl or butanole Purification of the 
insoluble amylose complex is achieved by recrystallization 
with butanole Amylopectin is obtained by freeze-drying the 
supernatant after removal of the amylose complex by 
centrifugaticne A critical evaluation of the various 
fractionation procedures was provided by Whistler (1965), 
and adie and Greenwood (1975 )-. 

(a) Amylose 


(i) General characteristics 


The structural features of amylose are well 
established, as are many of its characteristics and 
propertiese 

The heterogeneous nature of amylose was first revealed 
by Cowie and Greenwood (1957b), who observed that it can be 
separated into fractions with varying B-amylolysis Limits, a 


criterion which rfrovides a measure of the degree of 
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heterogeneity, ard one which is influenced by the size of 
the molecule (ieee, DP )e 

A study of the hydrodynamic behavior cof amylose 
tractions by Greenwood (1960) indicated that the observed 
incomplete hydrolysis of amylose by B-anylase might be due 
to branching in the moleculee The nature of the barrier to 
B-amylolysis was later examined in detail by Banks and 
Greenwood (1967a), who confirmed the presence cf a Limited 
de~ree of lone chain branchinge 

Characterization of amylose has posed some problems in 
view of its heterogeneous naturee Consequently, total 
amylose is commonly emptoyed in the studies cf properties of 
amylose, with B-amyloiysis and viscometric determinations 
(in dilute alkali solution) providing the best means for 
such investigations (Greenwood, 1970). The tatter is 
particularly useful in the assessment of the molecular size 
otf amylose, a characteristic profoundly influenced by the 
hae the plant at the time of starch isolation 
(Geddes et ale, 1965)- Potato starch amylose, isolated trom 
mature tubers, had an iodine binding capacity (IBC) of 
15.25%, a Breanmylolysis limit of 76%, and a limiting viscosity 
value (7) in 1 M KOH of 410 ml/g, which corresponded to a DP 
of 3000 (Greenwood and Thomson, 1962). 

Phosphate, commonly associated with the amylopectin 
component, esterifying the Cg position, has been reported to 
be present in amylose at a frequency of 1 phosphate group 


per 2400 glucose units (Peat et ale, 1952a)-e The 
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Significance of this finding, however, has not yet been 
explainede 
(ii) Formation of inclusion complexes 

A predominant characteristic of amylose is its ability 
to interact with polar organic substances (monoglycerides or 
fatty acids), flavor substances, and iodine; resulting ia 
the formation of insoluble inclusion complexes. The 
reaction with rfolar organic solvents is used to advantage in 
selective precipitation and purification of amylose from 
starch dispersions (Gilbert et ale, 1964). Interaction of 
emulsifyine agents with amylose is well known (Lazgendi jk and 
Pennings, 19703 Csman et ale, i961). This interaction has 
found extensive application in fcod manufacturing practices, 
notable exaaples bneing the bread industry (van Lonkhuysen 
and Blankestijn, 1974) and dehydrated potato granule 
manufacturing (Hadziyev and Steele, 1979). Csman-Ismail and 
Solms (1973) conducted an investigation on the formation or 
inclusion compounds of starches with flavor substanceSe OL 
tne four interactions mentioned, the interaction of amylose 
with iodire is undoubtedly the most widely investigatede 

Amylose, ugon reaction with iodine, produces a 
blue-colored complex, which, in the solid crystalline state, 
has been shown by X-ray diffraction to possess a helical 
Character, with the iodine molecules in the centrat channel 
of the helix (Rundle and French, 1943)- The viscosity study 
ot Banks and Greenwood (1971) provided supfort to this 


concept in Light of the observation that addition of iodine 
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and butanol to amylose in neutral aqueovs solution is 
invariably accompanied by a pronounced cecrease in 
viscositye The authors attributed this to the ability of 
the complexing agent to force a helical conformation upon 
amylose, thereby causing a large decrease in the 
hydrodynamic vclume of the macromolecule and, thus, tne 
observed decrease in viscositye This explanation is based 
on the assumgtion that amylose in neutral aqueous salt 
solution has no fronounced helical character. 

The reaction of amylose with iodine has formed the 
basis tor amytcse determination in starch samples, generally 
by potentionetric iodine titratioane IBC, as defined by 
Banks et ale (1971), is "the weight (mg) of iodine bcund by 
100 mg polysaccharide at zero free iodine concentration". 

Banks and Greenwood (1975) indicated that the role 
played by the iodide ion in the amylose-iodine interaction 
is obscure, despite the realization that it must be present 
in ei solution pefore conplex formation can occure 
However, it was noted that iodide ion is not required for 
blue color development in crystalline amylose in the "V" or 
helical configuratione This led to the suggestion that, in 
aqueous solution, iodide ion might serve to bring the 
amylose molecule into a configuration favorable for 
iodine~bondinge 

On a molecular level, it has been suggested that the 
helical anylose structure is made up of gluccse residues 


with Cl chair conformation (Rossotti, 1959).e The postulate 
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also acccunts tor the interaction between the D-glucosidic 
oxygen, the oxyxen on Coy and the iodinee 

Many other models of the amylose~iodine complex have 
been proposed to help clarify the nature of amylose-iodine 
interactione These were adequately examined by Foster 
(1965) and Banks and Greenwood (1975) in their reviewse 
Despite the fact that doubts have been raised concerning the 
validity of scme ot the thecries proposed, they have 
nevertheless contributed significantly to the understanding 
of amyloser-iccine interactione 

(iii) Behavior of amylose in solution 

This particular aspect has been accorded a great deal 
of attention in starch research, as it aids in the 
understanding otf the subtle details of the structure of the 
macromoleculee A sound knowledge of the conformation of the 
constituent glucose unit of amylose is a prerequisite, as 
the D-glucopyranose ring conformation has a profound eftect 
on the configuration of the amylose molecule in solution 
(Hybl et ale, 1965). 

Reeves (1954) conctuded from his study on the 
solubility of amylose in cuprammonium that recrystallized 
amylose contains two boat-form ring conformations, namely b1 
and 3Be However, in the presence of alkali, transformation 
from two ring-forms to a single ring-form takes placee This 
was attributed to the tendency of a ring hydroxyl group, 
with axial ocrientation relative to the plane of the ring, to 


assume an equatorial position upon dissociatione 
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Tne postulate of Holldé et ale (1961) favored the 
presence of a chair conformation, Cl, as well as the JB 
conformation in amylose, with Cl conformation teing the 
predominant form in native amylose; while, in alkali amylose 
and retrograded amylose, the 38 conformation predominates. 
The authors stated that, unlike the Cl conformation, the 3b 
conformaticn does not confer a helical structure to the 
amylose chaine However, nuclear magnetic resonance studies 
conducted by Rao and Foster (1965) did not detect any change 
in the ring cortormation of gluccse and its oligomers with 
PH chanzgesSe 

In general, the Cl conformation is considered the most 
favorable, both in the solid state (Greenwood and Rossotti, 
19583; Hybl et ale, 1965) and in solution (Rao and Foster, 
1863a). Furtherazore, the energy of the Cl coanformation has 
been shown to be lower than that of any other conformation 
(Kao et aley 1967)e¢ Consequently, as pointed cout by Banks 
and Perea (1875), a model of amytose consisting of 
glucose residues in tne Ci conformation should be employed 
in the interpretation of the solution behavior of the 
macromoleculee 

A divergence of opinions exists concerning the 
configuraticn and pehnavior of the amylose motecule in 
aqueous soluticne As reviewed by Banks and Greenwood 
(1975), three basic models have been proposed: (a) the 
random coil model, characterized by a complete Lack of 


tertiary structure in the molecule, and the assumption that 
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a helical configuration occurs only upon complexation with 
iodine and other complexing agents (Banks and Greenwood, 
1967b)3s (bd) the interrupted, tightly-wound helix model 
advanced by Szejtli et ale (1967), which depicts amylose as 
a molecule composed of helical sexyments, with the helical 
regions stabilized by intramolecular hydrogen bonds, each 
segment consisting of about 120 glucose units with Limited 
regions of random coil interspaced between the sezments; and 
(c) the deformed helix model developed by Rao and Foster 
(1963b), which describes the polymer in aqueous solution as 
consisting of relatively stiff, worm-like coils with an 
essentially impertect or deformed helical backbone structure 
stabilized oS intramolecular hydrogen bondse 

Maywald et ale (1968), on the basis of the observation 
that a progressive increase in temperature is not 
accompanied by an increase in viscosity, favored the concept 
of an essentially non-nhelical molecule, probably randomly 
tangled ele twisted by the bond angle of the a-1,4 
elucosiaic Linkage, and not subject to expansion by heat 
treatmentse Verification of this concept came from Banks 
and Greenwood (1968a,b), who, from hydrodynamic studies of 
amylose in neutral and alkaline aqueous solvents, presented 
evidence for the absence of rigid helical segments in the 
amylose molecule in aqueous solutione They also suggested 
that tne helices, if present in amylose, are not compact in 
nature, as suggested py the interrupted helix and deformed 


helix modelse This indicates that the helical character of 


34 


R Ge a: eae 
- : 4 


‘ 1. j o j a | ‘eg Le @ intros i ssid : _ 
a -_ 
= » atenet catagebo saute base sc dook 


; hee peered o@F ta) sane 
: oi 


7 - = 
ig ; fe b/¥Ceee C4 Vediet be 
- 7 - 
5 F sa’ te we ,e ed sli vuoeli oe a 


' 
° 


ey 
ai - Poy paoiges 


iv at 4 =o tees 
oo 


’ Fieeg evboas o wneigete 
a i * at >eeu Ow aetateo wt? Voy 


ric > « as¥eoaph delde akeeky 


= 


—— % Yieeles to e1itutene al 


(Se ervc®h ots £O Teel eowe <idalbaade 


_ 


- _ 
rerX. ~~ % aint on'etal ‘Cae ssuilignge. 


te : e , 4 12 a4 ‘ ¥* tJ es ald 

7 

ij # i%*,@ PF vo p@apes, evi nese gesq & 282 if 

+ 7 
te e7vev sn? mae8 ae ebhear’ > As i) a nO! asqgoee> ; 

. 7 

: , 

' ; 9 cs ieoflie@eteusoo iazixvnseese ne $0 : 
" ee 


: > 
es hi ‘= Bt «i 4 +? “3s LeTatiet + 72 bespime 


ial 


rm wake ot iaeleus eet wae semana ree esowle | 


, oe wha * sedvantieeel pia as: . 


ivnire(y’ Gant ode sf atnabioll, mecvaenn® mnt 


- ; fo dupe sitet rae fea® oven ct @ oi pan 
, 7 7 aT £ : 7 

oe, . ‘eutind biggie eo serena eames mebilva 
” -_ 

ene 


= a 
bie va eos ads etos bork ox kt oepe ai vay os 

er Pe 
yaa vee fisaare 
, an awe 22 


ay eoidiaie wists — 


ana 


ian goes ial eva = sonehoin i+ reese 


$5 


amylose in solution is not a consequence of intramolecular 
hydrogen bonding, but, rather, is attributable to the a-1,4 
Llinkagese 

On the other hand, evidence is available concerning the 
existence of helices in amylose in solutione The most 
substantial proof came from the viscosity study of amylose 
by Rao and Foster (1963b) in which there was a drop in the 
intrinsic viscosity of a neutral aqueous solution of amylose 
at pH 12, followed by a subsequent increase -- behavior 
which the authors ascribed to helix-ccil transformatione 
Supporting evidence of this concept was given by Erlander 
(1968), Erlander and Griffin (1967), and Erlander and 
Purvinas (1968). 

The finding of Casu et ale (1966), using nuclear 
magnetic resonance spectroscopy, that intramolecular 
hydrogen bonds exist between the hydroxyls at Co and C3 of 
contiguous glucose units in amylose in dimethylsulfoxide 
solution os evidence supporting a helical structure for 
amylose in this solution -= was nevertheless considered 
inadequate as support for the helical model (Banks and 
Greenwood, 1975). 

In an attempt to reconcile the discrepancies reported 
by previous authors, Senior and Hamori (1973) proposed an 
extended-helix model characterized by loose, extended 
helical regions interrupted by short random coil regions. 
Contraction of the loose helical regions of the polymer 


structure would explain the intrinsic viscosity decrease 


a Se we 7 7 


frprne, e4 J S268 L P2020" jae @©4 eaed¥wiear ab Bra 
rob ito «Ter «uni vece voaovi os 


et ou mi 


. 
~ 


© ijevea ore ,aret serteo vd? as _— 


» ee a, Sendds to eanetal sco 


= 
prey home pouty Jari tb aatades 


o7.,is6 :o4 hue ook Ya 


'‘ bitt}some saiodtue ear oid 


i meh. 
\ got "4 eee ~J 2507 @é487 16 OG08hEVE §ALT IONS 
7 


Sa t » i> >oé i aro ~e ene leo ,( 208 ) 
’ = 
a 
~ #4 4e6! ‘ eeGives Z 
ae i- 7 
2 a 
' : vee? 30 «eS loa) ent ~" 
Pca 
: ’ > eT U ie) e2U6G6 wi i-< ohrany = 
af , ee hee t. i d feqpred sates sired to.,o8R et 
=i 
ivmes eviav eecouss ae 
WQ@he so_nebhivs «= noite 


"Saal 
sAtsedce nee -~ ansPusow 0408 of wea Sete 


wt petlea Hy cob PoOeg gee Bo —_—o " 


“48 Pi Jecevnens rG 


- 
ae 


pa dar capih wee bd innebnw as vate aa _ 7 
"4 ehetg (GTS! 2 °amneA bean sokue® nla soos. . 
as 
vaueceem .oeeod ga oe noabcpheenes 3 tow ‘ sich coy be 


snetgss dies geynay #90 « aoneerenee 4 maw ins nor 
8 ee - is > 


‘6 Ss z ; te “” ‘ was ‘ a 


SS - i 


—=¢ 
4 a — = : oat 
oa : a i a PT : 


(representing a conformation change of the macromolecule) 
observed upon complexation with iodinee The model would 
also be compatible with the reported pronounced decrease in 
the intrinsic viscosity of aqueous amylose solutions around 
PH 12 (Erlander et ale, 19683 Rao and Foster, 1963b)-.e The 
decrease would be due to the breakdown of the loose helical 
regions of the molecule caused by electrostatic repulsion 
arising from dissociated hydroxyl groups of the glucose 
unitse The kinetic study of Thompson and Hamori (1971) is 
aiso in excellent agreement with such a modele Their 
observation that addition of iodine to already formed 
iodine-aayiose complex results in fresh nucleation and rapid 
growth of newly complexed regions, rather than in growth ot 
the existing pclyiodine chains, was interpreted as a valid 
indication of the presence of alternating sections oft 
regions suitable (loose helix) and not suitable (random coil 
sections) for rapid complexation reactionse 

The Pace eal nature of the entire subyect is 
obviouSe The extensive review by Banks and Greenwood (1975) 
is highly recommended for furtner details on this issuee 

(iv) Retrogradation 

Retrogradation, a phenomenon characterized by the 
association of starch molecules into organized insoluble 
ageregates, is most commonly associated with the amylose 
component of starch (Foster, 1965). This phenomenon was 
discussed in substantial detail by Foster (1965) and Collins 


(1968). Foster pointed out that retrograded starch and 
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retrograded amylose are both microcrystalline in nature, and 
that they toth give rise to the characteristic B-type X-ray 
diffraction patterne Although a complete elucidation of the 
process of retrogradation is not easily achieved, owing to 
its complex nature, it is believed to "involve interaction 
between neighboring molecules, mutual alignment, expulsion 
of water, and formation of new intermolecular forces"! 
(Foster, 19365), which are most Likely hydrogen bonds 
(Collins, 1968). 

The process, as pointed out by Foster, is subject to 
the influence cf a number of factors, of which the molecular 
weight of amylose is of the greatest importancee Higa 
molecular weights have been shown tc be accompanied by a 
decreased rate of retrogradation (Lansky et ale, 1949)-¢ The 
rate of retrogradation also varies with different oriyvins ot 
starch (Loewus and Briggs, 1957)- Also, slower 
retrogradation at pH 4 than at pH 6-5 demonstrates the 
profound MCT ERE of pH (Paschall and Foster, 1952). 

Loewus and Briggs (1957) followed the retrogradation of 
amylose in dilute solution by measuring the change in the 
IBC of amyiosee They observed that the retrogradation 
process consists of an initial tag phase, followed by a 
phase during which the rate accelerates rapidly in an 
autocatalytic manner until complete retrogradation is 
attainede In addition, they reported the effects of salts 
and additives on the rate of retrogradation, and concluded 


that salts. of monovalent anions and cations retard 
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retrogradation, with iodide and potassium being the most 
etfective of the anions and cations, respectivelye Cations 
of high valency, however, were found to accelerate the 
retrogradation procesSe The authors also noted an 
acceleration of the process at lower temperatures. 

Leach (1965) reported that, in addition to the 
concentration and the chair length (molecular weight) of 
amylose, ancther important factor which could markedly 
influence retrogradation was the state of dispersion of the 
amylose chainse Furtnermore, there was an inhibition of 
retrogradation when substituent groups were introduced into 
starch moleculeSe These groups manifested their effects by 
preventing parallel alignment and association of the starch 
chainse Due to insoluble complex formation with amylose, 
prevention of retrogradation in starch-based icods can also 
be achieved through the use of emulsifiers (Krog, 1973). 

(b) Amylopectin 
(i) Bite structure 

Amylopectin has not been extensively investigatede 
Amylopectins are highly polymeric, differing structurally 
from amylose in the extent of branchinge 

Three classical models proposed for amylopectin 
structure were discussed ina review by Banks and Greenwood 
(1975), and, more recently, by Greenwood (1976). They are: 
(a) the laminated structure of Haworth et aie (1937)3 (b) 
the herringbone structure, advanced by Staudinger and 


Husemann (1937); and (c) the randomly-branched structure of 


38 


bs Ui har 


a 


. 


- ts 1 evibel drie pawhte aul 


_ 


. , 
»' «we 70 @n8J3 fe eet ta -raroehae a 


‘ 
i ; . er , =] «vsaeoae"0 ¢ GV Oe &Y hey ta te 
a 


» Oi. es eee out 401? sa 2eQens 


Pe tog out io Awl? 6ee7e0R8 
_ - 
axnnge®s { Seal) ecueeu ms 
_ 
o bee aoObrT ewan amet 
> 
(ytuml Sgttoue ,2eehgee 
a ~, 
r) . ¢ mo. 48a70797 65 ©@& svens Saal” 
5 J is e® ' «wis t ee eo! nian anol 
| 7 
~, y j/'‘¢ene@re pete tad fete p@erse, 
aon 
} " a { _ e@m@sto4 4uR t258 


“ea Vives IW sJelisrna ane tare 
> a 
i ! ; > poet’ A f ps eer rer 4 


/Fabse i Qvow?ts4 £9 vearneyn 


> walt ue TE Se wel ey gee ae hove tame: os 


i ee 5 7 
Sif cs (ay AR Nag = . ay ue 


“a, 


we ee che 
7 


se 4 + len neee ober arty * an Sa ital eas tl es 
pn tow’ bot valawetseg “y idakl ‘gates ‘wed F aRN yas 
aa 
ahi Gone— af few “matt 6&, cheb st 

4 “*) 
‘43s 342 2¢7-qa 3 & a sue je os _ a é 


; — 
he « 10 une One a vrivey = Ee | tee hal eo Oar ‘ 
— 


“‘ 
ieea ¥s e(etuis * onneeeey y “eremeoen a om yuan 4k nd ; 


— ¥ ie : 
aes Raber , ° ani ve iat 7 vine, bigs (ont i e micas = ha 
oa 


r= : ~ a bi » om 7. 7 


Cenhen ere Se ee ee 
| oo oe 


oa a 


Meyer and Bernfeld (1940). 

The amylorectin structure can be considered to consist 
of a number of different kinds of chains designated A-, B-, 
and C-chains (Feat et ale, 1952b), with A-chains 
representing those in which the glucose residues are Linked 
only through a-1,4 linkages; Bechains with substituents at 
the Ce-hydroxyls; and the single C-chain carrying the only 
reducing end group in the moleculee The three models can be 
visualized as structures with a ratio of A- to 3-chains 
close to zero, infinity, and one, respectivelye 

A revision of the Meyer model was suggested by 
Gunja-Smith et ale (1970). Tne revised structure, while 
still maintaining an AtB-chain ratio of unity, differs froma 
Meyer‘ts model in that only half of the B-chains bear 
substituent A-chains, while half have their nonreducing 
chain ends inside the molecule instead of at the surfacee 
Marshali and Whelan (1974) later revised the model in 
relation tc amylopectin structure, and suggested an 
A:B-chain ratio of 2:1, thereby indicating that each B-chain 
carries, on the average, three substituent chains, which may 
be A- or Br-chainse Diagrammatic representations of ail the 
above models are rprovided in Figure 6. 

A recent contribution to the knowledge of the fine 
structure of amylopectin was that by Robin et ale (13974), 
whO, based on a study on Lintnerized potato starch, proposed 
a potato amylogectin structure bah atone ox alternating 


compact crystalline areas of chain clusters with a DP of 15, 
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Figure 6. 
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Diagrammatic representations of various proposed models for 
amylopectin structure: (a) laminated structure (Haworth et 
al., 1937); (b) herringbone structure (Staudinger and 
Husemann, 1937); (c) randomly branched structure (Meyer 
and Bernfeld, 1940); (d) revised Meyer-Bernfeld model 
(Gunja-Smith et al., 1970); (e) another revised Meyer- 
Bernfeld model (Marshall and Whelan, 1974). 


--- represents chain of a-1,4 linkages; + : a-1,6 linkages; 


¢ : reducing Miiaconie A-, B-, and C-chains are as defined 


by Peat et al. (1952b 
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and less compact intercrystalline areas rich in a-1,6 
linkapyese Such a structural scheme for amylcpectin provides 
confirmation for the cluster model proposed by French 
(1972). 

No conclusive evidence, however, has yet been presented 
with regard to the structural characteristics of 
amylopectine Nevertheless, heterogeniety in branching 
density within amylopectin has been shown (Roberts and 
Whelan, 1960 )- 

(ii) Other characteristics 

No general consensus exists on the order of magnitude 
of the molecular weight of amylopectine A value of 36 x 10° 
was reported by Witnauer et ale (1955), using the light 
scattering method, whereas Greenwood (1960), employing the 
Same technique, obtained a molecular weight of 50 x 10? 
which was ciaimed to be more representative of native 
amylopectine 

Of ake the characteristics of amylopectin, its average 
unit chain length and B-amylolysis limit are considered to 
be the most important (Greenwood, 1970). A typical sample 
of amylopectin from potato starch was found to possess the 
following properties: average Length of unit chain, 24 
glucose units; Bramylolysis limit, 56%; Limiting viscosity 
number, 7 » in 1 M KOH, 160 ml/g; and a P content of 0.04% 
(Greenwood and Thompson, 1962). 

While no pronounced change in the P content, the 


B-amylolysis Limit, and chain length of amylopectin can be 
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detected throughout the growth period of the potato, a 
Significant increase in its molecular weight is apparent 
with an increase in starch maturity (Geddes et ale, 1965). 
The average length of unit chain has been reported tc depend 
largely on the botanical species, rather than the variety 
from which the starch was obtained (Greenwocd, 1956). 

P in potato starch, found mainly associated with the 
amylopectin component, has received considerable attention 
owing to its influence on starch propertiese As Posternak 
(1951) indicated, P occurs in the form of orthophosphate 
esterified with the Ce-hydroxyl group of the glucose 
residuese 

The esteritied ionic phosphate groups impart a 
polyelectrolyte character to amylopectin, thus influencing 
its hydrodynamic behavior in solutione Greenwood (1960) 
Showed that salt concentration significantly influences the 
viscosity of amylorgrectin solutionse The volume of the 
molecule ae found to be larger in water than in salt 
solutionse Greenwood attributed this to screening of the 
ionic phosphate groug of the anionic sites, and contracting 
of the moleculee The profound influence of phosphate groups 
on the behavior of amylopectins in solution was verified by 
Maywald et ale (1968). 

Neutral aqueous solutions of amylopectin are very 
stable (Foster, 1965), but degradation of the molecule will 
take place in acidic or alkaline media (Lansky et ale, 


1949). Unlike agzylose, amylopectin does not retrograde 
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readily, although it may do so at low temperatures (Banks et 
ale, 1973 )e 

Amylopectin exhibits relatively Low IBC under normal 
conditions of potentiometric titration. The presence ofa 
large number of branch points within the macromolecular 
structure is thought to be the cause (Greenwood, 1970). 
However, the external branches are believed to bind iodine 
in a manner similar to short-chain amylose molecules 
(Foster, 14965). 

Ge Swelling, gelatinization, and pasting characteristics 
of starch 

Various aspects of this subject were reviewed in detail 
by Leach (1965)- 

Native starch is insoluble in cold water because of the 
molecuiar arrangement within the graine Instead, reversible 
swelling occurs, the process being aided by the easy access 
of water to the micellar network of the graine The water 
sorption ak resi thy of starch under such conditions is 
Limited; the extent of swelling being largely governed by 
such characteristics as molecular weight, degree of 
branching, the Length of the outer branches in amylopectin, 
and the relative proportion of amylose to amylopectin -—- all 
of which play a role in determining the strength and 
character of the micellar network within the starch graine 

Heating of an aqueous suspension of starch grains 
brings about an initial stage of reversible swelling during 


which the appearance of the grains is retained. However, 
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when the gelatinization temperature is approached, there is 
irreversible tangential swelling of the grains, and loss of 
birefringence (an indication of the breakdown of grain 
crystallinity). 

The irreversible swelling process also results in the 
solubilization of starch molecules, which are partially 
Leached from the swollen graine Examination of the swelling 
and solubilization patterns of varicus starch species led 
Leach et ale (1959) to postulate two sets of bonding forces 
within the grain of cereal starches, and one set ot forces 
in tuber starches such as potato, in which there is a rapid 
singie-staye swelling at relatively low temperature, 
indicating weak but uniform internal associative forces 
within the graine The presence of ionizable esterified 
Fhosphate groups in potato starch has been held partly 
responsible for its exceptionally high extent of swelling. 

Tne gelatinization temperature is usually reported as a 
range, aioe to the fact that, for a given starch grain 
population of the same species and cultivar, the erains do 
not gelatinize simultaneouslye The variation in grain Size, 
architecture, and composition, as well as cohesive forces 
within the starch grain has been emphasized by Banks and 
Greenwood (1975 )-. 

The gelatinization temperature range is profoundly 
influenced by the source of the starch, andy, with potato 
starch, varietal difterences may also be important (Leach, 


1965). The gelatinization temperature range reported for 
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potato starch is 56-669. 

External influences which affect the gelatinization 
temperature are pH, and the presence of certain salts and 
compoundse A marked change in gelatinization temperature is 
observed when the pH values are outside the range of 5-7 
(Leach, 13965 )e The repression of gelatinization can be 
readily achieved by the addition of sodium sulfate, whereas 
sodium nitrate or urea bring about an increase in grain 
swelling, cr lowered gelatinization temperature. There is 
also a lowering of the gelatinization temperature as a 
result ot esterification or etherification of starch, the 
extent of the effect being dictated by the degree of 
substitution and the nature of the substituent groupe 

Tne ettfect ot metal cations (Cay Cu, Al) on the 
swelling and gelatinization behavior of wheat starch has 
also been investigated (Gough and Pybus, 1973). Egg 
albumen, gelatin, methyl cellulose and carboxymethyl 
een aLGaS « due to their ability to compete for moisture, 
have been shown to affect starch gelatinization (Watson and 
Jchnson, 1965)-e« Furthermore, lower grain size and higher 
amylose content both tend to increase gelatinization 
temperature (Banks and Greenwood, 1959). 

The ability of starch grains to undergo swelling and 
gelatinization, with subsequent development of paste 
viscosity, is of practical and technological significance. 
These properties of the grains are directly interrelated 


(Leach, 1965).- Control of rheological properties of starch 
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pastes is readily accomplished by alteration of the 
organizational forces within the grain as a result of change 
in the swelling and gelatinization behavior of the starch 
(Greenwood, 1970)- This has ted to the development of 
starches, modified to varying degrees, which have found 
wreat commercial applicatione Introduction of substituents 
into starch (giving etherified or esterified starches) 
causes a weakening of associative forces within the grain, 
thus increasing swelling and lowering gelatinization 
temperature, and yielding a paste of improved uniformity 
(Greenwood, 1970). Cross-linked starches, on the other 
hand, with reinforced associative forces within the 
structure, exhibest marked reduction in grain swelling and 
solubilization, with a consequent decrease in viscosity. 
Use of cross-linked starches is desirable if viscosity 
breakdown is to te avoided during cocking (Leach, 1965), or 
if grains with enhanced shear resistance are required 
(Radley, 1976). 

Starch swelling and solubilization are also profoundly 
affected by surfactants and fatty adjunctse Gray and Schoch 
(1962) found that solar surfactants, such as higher fatty 
acids and monoglycerides, restrict the swelling and 
solubilizaticn of corn, potato and waxy sorghum starches 
owine to the ability of the surfactants to form inclusion 
complexes with aaylosee Therefore, surfactants are widely 


used in production of dehydrated potato flakes and zranuiese 
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IIfie EXPERIMENTAL 
Potatoes 

Raw potatoes used were cultivar Netted Gem (Russet 
Burbank) grown in Southern (Vauxhall), Central (Winterburn), 
and Northern (Peace River) Alberta, with specific gravities 
of 1.080-1.110. The potatoes, obtained soon after harvest, 
were stored at 49°C. The tubers were reconditioned at room 
temperature for 10 days prior to use. Tukers used for the 
Starch grain size distribution study were from the 13977 
harvest year, while all otners were from 1€7&. 
Chemicals 

Amy Loglucosidase and bacterial amylase, with activities 
of 150 and 120 anhydroglucose units per ml, respectively, 
were obtained from Van Waters & Rogers Ltde, Lachine, Quée 
The Glucostat reagent set was from Worthington Diagnostics, 
Freehold, NJe Standard glucose solutions containing 10 me 
wZiucose per ml in 061% (w/v) benzoic acid were obtained from 
Sigma euenicat Coe, Ste Louis, NOe Buffered formalin 
phosphate solution (10%; pH 6.9-7.1 at 259°C) was from Fisher 
Scientific Coe, Fair Lawn, NJe Glutaraldehyde (10%), 
propylene oxide, lead citrate, and uranyl acetate -- all of 
EM grade -- were from Polysciences, Ince, Warrington, PAe 
Aqueous Os0O,4 (4%3 EM grade), araldite resin 502, DDSA 
(dodecenyl succinic anhydride), and DMP-30 
(dimethylaminomethylphenol) were supplied by Stevens 
Netallurgical, New York, NYe All the other chemicals used 


in this study were of reagent grade, and were supplied by 
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Fisher Scientific Coe 
Equipment 

Mineral composition was analyzed with an atomic 
absorption spectrorphotometer, Model 153 (Instrumentation 
Laboratory, Ince, Lexington, MAD)e 

Centrifuges used were: Sorvall SS-1 Superspeed Angle 
Centrifuge (ivan Sorvall Coe, Ince, Norwalk, CT), 
Eniterneat ional Centrifuge, Size 2 (International Equipment 
Coes Boston, MA), and Beckman Model J21B Refrigerated 
Centrifuge (Beckman Instre Ince; Palo Alto, CA)-. 

Colorimetric measurements were made with a Unicam SP 
1800 Spectrophotometer (Pye Unicam Ltde, Cambridge, UK), or 
@ Beckman D&G (Beckman Instrey, Ince )e 

Tissue sections were prepared by a Faust hand microtome 
(Scientific Sugply, Madison, WI), and examined with an 
Olympus Model EHA microscope equipped with a camera (Olympus 
Optical Coe, Ltdey Tokyc, Japande 

The pad et employed in particle size analysis was a 
Model L3P Sonic Sitter equipped with stainless steel sieves, 
with sieve openings of 106 wm (140 mesh), 74 pm (200 mesn), 
53 wm (270 mesh), and 38 pm (400 mesh), supplied by 
Allen-Bradley Coe, Milwaukee, WIe Sieves were cleaned ina 
Bransonic Ultrasonic Cleaner (Branson Ultrasonics Corpe,y 
Scarborough, Cnte)e 

Potentiometric titrations were carried out using a 
Fisher 320 Accumet expanded scale pH Meter equipped with a 


saturated calomel porous ceramic junction electrode, a 


48 


— : eo, es ee 
i q : 
¢ "i ' , 


.od si hiroet ok Sedete | 


«4 « = me epi 2 eer Sop oot Li 7 
7 
‘ rs ; ' 4 ’ mend pai ' ane i tqreea 
4 “a. a 
iA Aves , « i > Xs. vis eded — 
f a 
v¥ i. e @ ted is? oa 


iHiMwertod raeki oe a 


y : awe sy" i+ funol? era 


3 e—jer ‘ 4 ie qa 
f (+ eared uals ? »*G 1 Syl 
— —_~¥ Lae t¢ | Py CLA siynol eo 
P J #41) se etcetoetgavtasg@ O0Bg 
> ~ v9 Parr? pe seh i 2a ere. te a 
, 7 = & 
nd 7 a: 
© a o% wal? >ee atiaats a 
et 
ner se a) * a . esa «Ve VES Sab banebo a 


: oo 
‘be Senta *&fovenneds SUE Cetiad — 7 
f 


on » sevae tk rand ya OD iaaitag 
~~ 
cr elate4s na SeNeL eee oe? tim aAt «= ai 


F , . _ 
ta $6 fr sib dae oe gh Sone 607 Fe GROFF 164 0 bi 


aad 


vege Ded | ‘ i So een tenee ahaa 7 
_— " 


Past) Paves Sle 
fib > ep BS a 


: ™ iy on 7 - 
i in ween eneGis oO cs o reawed 1a ee Aspley ol ti 
al 


» 6 bo ena’ .oeoea Hae} oer => af ' Ae a mn or 


-_ ' an | 
+ eaten = 
: cain > ae 
soa iia dite ot ee ini 


7 ‘ 
i | wee ; hii [ 
" ; a T my i — 
» a cL 7 


> = 


‘ee tei se ne 
° - 7 


49 


platinum wire electrode with a large surface area, ard a 
stirring device fitted with a glass propeller-type blade 
(Fisher Scientific Coe, Ltdey Fair Lawn, NJ)e 

The starch melting point apparatus was from Ernst 
Leitz, Wetzlar, We Germanye 

Freeze dryers used were: RePP Freeze Dryer, 
manufactured by Virtis COey Incey Gardiner, NY; and, for SEM 
work, an Edwards-Pearse Tissue Dryer from Edwards High 
Vacuum Aifge, Crawley, Sussex, UKe 

The wide-line nuclear magnetic resonance analyzer was a 
Newport Mk II Cuantity Analyzer manufactured by Newport 
Instruments Ltde, Newport Pagnell, UKe 

The electron microscopes used were: 'Stereoscan! 150 
scanning electron nicroscope (Cambridge Instruments Ltde, 
Cambridue, UK), and a Philips EM-200 transmission electron 
microscope (Philips Electronics Ltdey Oslo, Holland). 
Sections for TEM study were cut using a Sorvall type NT2—-43 
eet pe eee ultramicrotome (Ivan Sorvall, Ince, Norwalk, 
CT )e 

Other equipment used: Serological Bath and Forced Draft 
Isotemp Cven, both from Fisher Scientific Coe, Ltde; 
Precision Scientific LoTemptrol Water Bath (Precision 
Scientific, Chicago, IL); Caframo Type RZR1-64 Stirrer 
(Caframo Ltde, Wiarton, Onte)3; and a vacuum oven frog 


National Appliance Coe, Skokie, ILe 
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Nethods 
Ae Tukter characteristics 


1. Size 


The tubers from each tocation were washed and 
air-driede They were then graded according to size and 


separated into the following three grougs: 


Weizht (2) Length (cm) Diameter (cm) 
110-168 7-10 4-5 
169-224 10-12 5-7 
225-336 12-15 7-8 


2e Specitic gravity 
The specific gravity of each tuber, measured by its 
apparent Loss of weight when submerged in water at 229C, was 
calculated as follows: 


wt in air (2g) 


m 
Spe Efe oS ee 
Vv wt in air (g) - wt in water (ag) 


3e Sample preparation for mineral composition and starch 


content determinations 


Peeled potatoes were treated with 1 % NaHSO3 for 2 miny 
and cut into slices of 1 cm thickness. The slices, placed 
on stainless steel trays, were frozen overnight in an 
air-blast freezer at -209C. They were then freeze dried for 
24 hr at <100 p Hg pressure and 85°C shelf temperaturee The 
dried tuber tissue sampies were ground in a mortar and 
pestle to pass a 60 mesh sieve, and then stored in airtight 


containers until analysise 
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4e¢ Mineral composition 

Ground, freeze-dried tuber tissue or starch samples ot 
2eS 2 were charred at 2009C for 30 min, then ashed at S0O09C 
Oreo ii ive Each sample was then cooled, wetted with a few 
drops of HNOQg, and ashed for 1 hre The residue was cooled 
in a aesiccator, and weighed to determine total ash contente 
For mineral composition determination, the residue was 
solubilized in 6 M HCl with gentle boiling for 30 mine 
Analyses for Nay Ky Cay, and Mg were performed in the 
presence of lanthanum chloride using atomic absorption 
spectrophotometry (AAS )e P was determined colorimetrically 
at 830 nm as the heteropolymolybdo blue complexe 

Se Starch content 

The procedure used is as described by Banks et ale 
(1570). 

About 2040-05 mg of ground, freeze-dried tuber tissue 
were placed in a 10 ml centrifuge tube. Particles adhering 
to the side were washed down with 3 ml of 95% ethanole The 
solution was then centrifuged at 14,000 x g for 15 mine The 
sediment was extracted 3 times at 609°C with S ml of &0% 
ethanol (after each extraction the mixture was centrifuged 
at 14,000 x g for 15 min, and the supernatant discarded). 

CaClo solution (pH 2.03; Spe gre 1-30; approximately 
50%), 1 ml, was then added to the residue with stirringe A 
few boiling chips were added, along with 2 drops of octyl 
alcohnole The sotution was boiled for 15 min in an oil bath 


at 120-1359C, then cooled to room temperature. 
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For enzymic digestion of starch, 2 ml of 0-05 M KOH and 
4 ml of O.1 M acetate buffer, pH 4-8, were added to the tube 
with mixinge Amyloglucosidase solution, 0e5 ml (equivalent 
to 7 units of activity), and Oe1 ml a-amylase solution (25 
units of activity) were then added with gentle stirringe 
Incubation was carried out for 3 hr at 47-489C. Then the 
contents of the tube were transferred to a 500 ml volumetric 
flask and wade up to volume with water. The solution was 
filtered through Whatman Noe 1 paper, and a 20 mt fraction 
was collected for glucose analysis after discarding the 
first 30 ml of the filtrate. 

Quantitative enzymic determination was done usinyz the 
Glucostat Reagent Sete Absorbance readings were taken at 
425 nme 

6¢ Tuber cell size distribution 

Each tuber was cut along the longitudinal axis, and 3 
tissue blocks, representing the cortical, perimedullary, and 
pith near were then removed from the middle fifth of the 
tubere These blocks were preserved in 10% buffered formalin 
Phosphate solution until examinatione For sectioning, each 
block was trimmed to fit a hand microtomee Throughout the 
sectioning process, water was spread on the spfecimen block 
face and the razor blade with the aid of a camel hair bruSshe 
About 10-15 sections of about 200 pm thickness from each 
tissue zone were then transferred onto a microscope slidee 
The sections were suspended in formalin solution, the 


solution being replenished periodically during examination 
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under a light microscopee 

Photographic images of at least 10 different fields of 
view were recorded at 50x magnificaticone Cell measurements 
were carried cut on enlarged photcmicrographs (150x 
magnification )e At least 4 diametric measurements were made 
for each cell, and the average diameter determinede The 
surface area and volumetric size were calculated assuming 
tne cell to be spherical in shape. 

7e Isolation of native starch grains from whole tuber 

Three replicates of 3 tubers for each location-tuber 
size category were done for starch wrain samples intended 
for size distribution studye 

The tukers were washed, grated, and transferred to a 
Waring blendore About 300 ml ice-cold 1% ammonium oxalate 
solution, containing 1,000 ppm NaHSOg and i ml of octanol, 
were then addede The tubers were homogenized at stow speed 
to a uniform consistencye The homogenate was tiltered 
through x 107 mesh silk cloth sievee The cellulosic residue 
on the sieve was reground in the presence of ammonium 
oxalate soluticn, and filtered. The grinding process was 
repeated until the tissue was well disintegrated, The 
residual pulp material was then washed with water and the 
filtrates combinede 

Starch from the combined filtrates was obtained by 
centrifugation at 700 x g for 10 mine The supernatant and 
protein tlayered on the starch sediment were removed by 


gentle suctione Furtner purification of the starch was 
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achieved by repeated suspensions in water, centrifugation, 
and removal ct contaminating proteine 

The purified product was washed with 95% ethanol, and 
sedimented as beforee The sediment was suspended in dietnyl 
ether and filtered. The starch was washed with acetone, 
@ir-dried, and stored in airtight containers. 

Starch sanples to be used in the study of starch 
properties were prepared from a total of 12 tubers for each 
tuber catezorye In addition, organic solvents were omitted 
from the isolation proceduree 

8. Starch grain size distribution within potato tuber 

The sonic siffter was operated at: pulse amplitude, 5; 
sift amplitude, 5-73; time indicator, 30 mine 

Approximately 5 zg sample were placed on a weighed 106 
Mm sieve. After sieving, a small representative sample was 
removed from tke sieve for examination under a Light 
microscopes The process was repeated until thorough sifting 
was Seen as indicated by the absence cf smaller 
particlese Finally, the sieve containing the sample was 
weizghede 

Particles which may have adhered to the sides of the 
Spacers were brushed into the fines collector, the contents 
of which were then emptied onto a finer sieve (74 pm), and 
sittede This procedure was repeated with the 53 and 38 pm 
sievese The effectiveness of the sifter in the separation 
of a starch sanople into various fractions is evident in 


Figures 7a, by, and Ce 
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Scanning electron micrographs of size-graded starch grain 


fractions. 


Figure 7. 
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Se Processing guality of tubers 


(a) French fry preparation 

For each of 3 processing runs, 3 tubers of each 
tocation-tuber size category were washed and hand peelede 
The tubers were then treated in 1,000 ppm NaHSO3 for 5 min, 
after which they were cut into strips (cross-sectional area: 
1 x 1 cm). The strips were heated in a water bath at 709C 
for 8 min, cooled in cold water for 5 min, and then blanched 
at 709°C for an additional 8 mine They were then drained of 
excess water before being fried in vegetable oil (Crisco) at 
190°C for 4 mine The surface oil was drained from the 
French trieS, which were cooled, rlaced on stainless steel 
trays, frozen overnignt at -209C in an air-blast freezer, 
and freeze-dried for 36 hr at <100 p He pressure, and 259°C 
shelt temperaturee 

The dried product was placed in airtight brown bottles 
Prior to being ground with a mortar and pestlee In crder to 
reduce the moisture content to less than 4-5% (since higher 
moisture content would interfere with subsequent wide-line 
nuclear magnetic resonance measurements), the ground samples 
were dried in the freeze-dryer for 24 hr at <100 p He 
pressure and 409°C shelf temperature. The samples were 
stored in sealed containers at 49°C. Approximately 6 2 of 
each sample were removed for duplicate moisture 


determinations by heating at 1059C for 6 hr. 
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(b) Oil uptake determination 
This was performed on the Newport Nuclear Magnetic 
Resonance Analyzer using the following operating conditions: 
ReFe level, 200 pA; AeFe gain, 1393; integration mode, single 
shot per 32 sece3 automatic Loss control, low Loss; and 
supplementary nodulation mode, one 
ALlL samples were allowed to warm up to 229C before 
analysise The amounts of the calibration standard (Crisco 
oil) and the sample were 25 ge and 12¢5 2, respectivelye 
Duplicates of each sample were scanned 3 times to improve 
precisione The percentage of oil in the sample was 
estimated from the ratio ot its signal to the signal of the 
standard oil on a per g weight basise 
Be Starch characteristics 
1. Amylose/amylopectin ratio 
The technique Bearaved was that of Schoch (1964a)e 
Tne reagents used were: a stock iodine solution 
merree eps 3 KI and KCl in concentrations of 065 Ny with 
approximately 2 mz of iodine per ml3$ and a freshly prepared 
10-fold diluted iodine solution cf the stock for actual 
titrationse 
An EMF calibration curve (Figure 8) tor the standard 
iodine solution was prepared as follows: a solution of J73 
me KCl and 830 mg KI in 100 ml water in a 250 ml beaker was 
titrated with iodine solution, with gentle, mechanical 
stirringe The iodine solution was added in minute 


quantities, and the EMF reading was recorded after each such 
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addition, allowing at least 2 min for equilibratione 

For the titration of starch, about 100+0.01 mg were 
suspended in 1 ml of water in a preweighed 250 ml beaxer. 
KOH solution (1-0 N), S mly was then added, and the sample 
was ground with a glass rod to assist dispersione The 
mixture was left at 49C for 30 min, with occasional 
stirringe Complete dissolution was accomplished by gentle 
heating for 15 min, after first neutralizing the sample with 
0-5 N HCl and adding 25 ml watere After cooling to room 
temperature, 10 mt of 0-65 N KI were addede Ihe mixture was 
then neutralized to methyl orange with 0e5 N HCl. The total 
weight of water present was adjusted to 100-9 g@, which 
corresponded to 100 mt at 30°C. Titration was carried out 
as described earliere A typical starch titration curve is 
shown in Figure Qe 

From the calibration and sample titration curves, 
values of the amounts of bound icdine were oktained for 
10-15 EME readingSe IBC was determined by extrapolation oft 
the upper slcpe back to the vertical axis (Figure 10). The 
amylose content of the starch sample was calculated using a 
value ot 19.62 for the IBC of amylose from potato, Cve 
Netted Gem, as determined by Johnston et ale (1968 )e« 

2e Swelling power and solubility 

The procedure used was as outlined by Schoch (13964b), 
with slight modificationse 

Approxiaately 0.5 g of starch was quantitatively 


transferred to a 250 ml preweighed centrifuge bottle. 
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Figure 10. . Plot of bound versus free iodine. 
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Sutficient water was added to bring the total water content 
to 180 ee The contents were suspended at 200 rpm with a 
stainless steel paddle, and the bottle was lowered into a 
water bathe Triplicate runs were conducted at S5, 60, 65, 
70, 75, and &859C. At the end of 30 min, the stirring motor 
was stopped and the bottle removed. The stirring paddle, 
after rinsing with a smalt quantity of water, was removed 
from the bottle, which was then wiped dry on the outsidee 
Enough distilled water was added to bring the amount of 
water in the bottle to 200 ge The contents were mixed, then 
centrifuged at 700 x g for 15 mine 

The supernatant was carefully suctioned otf to within 
0-5 cm of the sedimente The solubles in the supernatant 
were determined by evaporating duplicate 50 ml aliquots ona 
steam bath prior to final drying at 1059C. The remainder of 
the supernatant was removed and discardede 

The swelling power (SP) of the starch grains, expressed 
as the ee Ae of sedimented paste per gram of starch (dry 
basis), after correcting for the soluble starch, is 
calculated as fcllows: 

wt of sedimented paste, g x 100 
CU co eS a a a ea 
wt of sample, g x (100-% solubles, dry basis) 
3e Mineral composition 

Tne ash content of starch samples was determined as 
described earlier for freeze-dried and ground whole tuber 
tissue. 


Preparation of samples for mineral composition 
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determination involved two methods: wet ashing with HClO.g, 
and the ion-exchange method developed by Winkler (1960). 
For the former, Na, Ky, Cay and Mg were analyzed by AAS, 
while P was determined colorimetrically at 830 nm as the 
heteropolymolytdo blue complexe 

With the ion-exchange method, 5 g2 starch on a sintered 
glass funnel were washed thoroughly with O0e1 N HCl, followed 
by water, and the filtrate collected for cation analysis by 
AASe The starch residue was slurried with 5 mit 0-02 N NaOH, 
then more NaCH was added by buret until tne indicator (2 
drops of bromothymol blue) changed color from pale yellow to 
green-bluee Water was then added, along with an amount of 
0-02 N NaOH 3 mt greater than that already consunede This 
neutralized the secondary and tertiary H's of the starch 
Fhosphoric acid groupse The excess alkali was washed out 
with water from the starch with filtration, and titrated 
with 0.02 N HCl using phenolphthaltein as indicatore The 


starch P content was calculated by the equation: 


P, mg% = my 50H XeUrcuor4 mgup. § x 100 g 
my 30H Wt. of starch (dry basis), g 


4- Gelatinization temperature 
Starch grain samples, size-graded (74-106, 53-74, 
38-53, 20-38, and <20 pm), were studied under a plane 
polarized light microscope at a magnification of 100x. A 
small amount of sample ina drop of water was spotted on 4@ 
glass slidee This was covered with a cover slip, the edges 


of which were sealed with heavy mineral oil to minimize 
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movement of grains during heatinge The rate of temperature 
increase was 2 C9 per min. Recordings were made of the 
temperatures corresponding to the loss of birefringence of 
the first and the last grain in the chosen field of view. 
Determinations were made in triplicate. 
Se SEM study of the ygelatinization process 

Preparation of samples was adapted from the method 
developed ty Hiil and Dronzek (1973). A starch suspension 
(S g starch in 200 mt water) was gently stirred while being 
heated at a rate of approximately 2 C9 per mine 

Aliquots of 20 ml were withdrawn at 2 C9 intervals in 
the range of 56-70°C, transferred to 50 ml centrifuge tubes, 
and cooled in an ice bath prior to centrifugation at 5,000 x 
2 for 15 min at 49Ce The supernatant was discarded, the 
starch sediment washed with distilled water, and the 
centrifugation repeatede 

Samples of starch sediments were transferred to liquid 
Freon-1i2 cooled with Liquid nitrogene The frozen samples 
were tnen dried overnight in brass boats in a freeze drier 
at -809C. 

The samples were mounted on circular aluminum getubs 
with double-sided adhesive tape, and shadowed with 20 nm of 
zOlde Examinations were performed at an accelerating 


potential of 10 KV. 
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6¢ Transmission electron micrascopy study of starch jn 
Situ 

Raw, and steam-cooked rfotato tissues from the cortex 
region of the tuber were examinede The tissue was cut into 
cubes of 1 mm, fixed in 3 % phosphate buffered 
glutaraldehyde solution (pH 7.0) for 6 hr at 49C, and wasned 
3 times wath Oel M ghosphate buffer, pH 7-06. The first two 
washings were for 15 min, and the last for 30 min. The 
samples were post-fixed in 2% OsQ,4 in phosphate buffer for 6 
hr at 49C, rinsed 3 times with buffer (30 min each time), 
and dehydrated at 49C with 50, 70, 80, and 95% ethanol at 30 
min intervals. This was followed by treatment with absolute 
ethanol overnight at 49°C, and an additional treatment for 1 
hr at 229C. Ail subsequent treatments were carried out at 
22°C. The samples were treated with a mixture of absolute 
ethanol and propylene oxide (1:1 v/v) for 45 min before 
infiltration with 3 changes of propylene oxide at 45 min 
ate with cccasional stirringe Treatment with a 
mixture of propylene oxide and an araldite mixture 
(consisting of DDSA, araldite resin 502, and DMP-3UO ina 
ratio of 49:49:2 v/v/v) was carried out for 3 days, with 
periodic stirring to aid in the vaporization of the 
propylene oxidee The samples were then transierred to flat 
Silicone rubber molds, aligned, and embedded in araldite 
mixturee The polymerization process lasted 36 hr at 65°C. 

Sections of about 600 nm thickness were cut from these 


hardened. tissue blocks with an ultramicrotome equipped with 
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a glass kniiee These sections, mounted on 200 mesh copper 
erids coated with Formvar (a polyvinyl formal plastic film; 
0e.2% in ethylene chloride), were stained with 2% uranyl 
acetate for 2 hr, and post-stained with 0.2% alkaline lead 
citrate soluticn for 4 min prior to examination in the 
transmission electron microscope operated at an accelerating 


voltage of 60 kV. 
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IVe RESULTS AND DISCUSSION 

The results obtained were statistically analyzed using 
analysis of variance and Duncan's Multiple Range Test 
(Bowker and Lieberman, 1972). Table 4 shows the variables 
investigated, and their statistical significance in relation 
to tuber weight and growth locatione 

Eipeson and Paulus (1973) reported higher contents of 
DM and starch in larger than in smaller tubers. However, in 
the present study, the DM and starch contents of whole 
tubers (Table 5) were found to be independent of tuber 
weighte Our findings support the results of Ifenkwe et ale 
(1974), which indicate that high DM content is not 
necessarily associated with large tuberse Le Tourneau 
(1963) also found no correlation between the sneight and 
total solids (ieee, DU) Of tuberse 

The present study shows that DM and starch contents are 
significantly influenced (p=0.01) by the location of potato 
growth Ree ie 4). Tubers from Southern Alberta had higher 
contents of DM and starch than those from Central and 
Northern regions, which showed similar levels. These 
findings are significant, since the contents of DM and 
starch have been positively correlated with the processing 
quality of tubers (Barrios et ale, 1961a; Le Tourneau and 
Zaehringer, 19653; Maclean et ale, 1966; Smith, 1975a)-. 
Utilization of tubers of high DM content (and, thus, starch 
content) usually provides assurance of a desirable finished 


fried product characterized by increased yield, crispness, 
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Table 4. Summary of statistical analyses, 


Parameters 


Tuber characteristics: DM content 
Starch content 
Cell size 
Grain size distribution 
Oil uptake, DM basis 


Starch characteristics: IBC/amylose content 
Swelling power 


NS: not significant at p=0.05 or p=0.01 
S5: significant at p=0.05 
S1: significant at p=0.01 


Tuber wt. 


NS 
NS 
S5 
NS 
NS 


NS 
55 


Location 
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NS 
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Table 5. Dry matter and starch contents of potato tubers. 


Location in Tuber wt. Dry matter content Starch content 
Alberta (g) (g) (%) 
kkk 

South 110-168 26.64+0.70 76.06+1.16 
169-224 2onf 021010 215. 9222.04 
225-336 ZOr1Grt. O38 7529821 67 

Central 110-168 20.83+2.24 70,2721.08 
169-224 21.04+1.22 7129321 .63 
225-336 21.98+2.03 71.66+2.5/ 

North 110-168 20242212 26 7124520236 
169-224 - 20.4741.34 70.89+2.95 
225-336 19.60+0.91 68 .99+2.86 


“Determined by heating 5 g sample at 55°C for 2 hr, then at 105 C for 
ait. 


*xk 
On a dry matter basis. 


coer this and following tables the standard deviation values given 
have been doubled. 
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mealiness, improved flavor, and low oil uptake (Kirkpatrick 
et ale, 1956; Naclean et ale, 1966). 

The textural quality of potatoes isc also influenced by 
starch (Reeve, 1972; Hoff, 19723; Mohr, 19723; Linehan and 
Hughes, 1969aybyc )e The amount of starch, as found by 
Barrios et ale (1961la), is significantly related to 
mealiness, iee@€e, the readiness of cell separation of cooked 
potato tissue under a shear forcee Furthermore, starch, by 
competing with cell wall components for tiosynthetic 
precursors (Albersneim, 1965), particularly calcium ions 
(Bretzloff, 1970), may affect intercellular adhesion and, 
thus, textureée 

Tieeonadd plant population (Bleasdale and Thompson, 
1569) and decreased soil fertility (Schippers, 1968) result 
in tubers of increased DM contente Herlihy and Carroll 
(1969) observed a reduced DM content in tubers grown with 
high rates of N and K applied, while P nad the reverse 
effect. are (1972) did not observe a significant effect of 
plant density on DM content, a finding inconsistent with 
that reported ty Bleasdale and Thompson (1969). The high DM 
content found in potatoes grown in Southern Alberta, witha 
closer plant spacing and lower fertilizer treatment than 
those from Central and Northern Alberta (Table 3), supports 
the results of Bleasdale and Thompson (19269) and Schippers 
(1968). With Southern grown tubers, it is obvious that the 
depressing effect cf low P levels on DM content is not great 


enough to offset the combined positive effect of low N and k 
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Apart fron tuber DM and starch contents, there is 
evidence that potato texture is related to the average tuber 
cell size (Farrios et ale, 19633; Linehan et ale, 19683 Gray, 
1972; sughes et ale, 1975). The cell size, expressed as the 
total surface area of cells per unit tissue volume, was 
shewn poy Linehan et ale (1968) to significantly correlate 
with intercellular adhesione The increased adhesion 
associated with smaller ceils was ascribed to the ereater 
surface area of intercellular contact. The increase in cetl 
size with tuber maturity (Hughes et ale, 1975), asa 
consequence of a delay in tarvest, is related to decreased 
cell surface area per unit tissue volume, a factor which can 
contribute to increased tuber breakdown upon cooking (Gray, 
1972). The influence of tuber weight on tuber celi size, 
previously repcrted by Reeve et ale (1973), is contirmed by 
the data presented in Tables 6-8-6 Irrespective of growth 
Location, the average cell size of the three tuber sizes 
analyzed tended to rise as tuber weight increasede 
Statistical analysis of the data (Table 4) alsc indicated a 
significant influence of tuber weight on cell size (p=0-05). 

Furthermore, as found in this study and observed 
earlier by Keeve et ale (1971), cell size is significantly 
predetermined (p=0-01) by the tissue zone -- perimedullary 
cells are the largest, and cortical cells the smallest, with 
pith cells teing intermediate (Figure l1laybycy,)- 


Cells from the cortical and perimedullary zones, which 
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Table 6. Diametric measurements of celts in designated tissue 


zones of raw potato tubers* 


Growth location Tuber wt. 
in Alberta (g) 
South 110-168 
169-224 
225-336 
Central 110-168 
169-224 
225-336 
North 110-168 
169-224 
225-336 


Diameter (um) 


Cortex Perimedullary Pith 


157+24 
15421 
167+18 


150+20 
fo/221 
161425 


142+18 


161424 « 


152+20 


zone 


176424 
181425 
ert 3e 


189+31 
201433 
198+36 


195224 
204234 
217435 


“Diametric measurements of at least 50 cells. 


170422 
181425 
173231 


190+25 
171+20 
182+24 


181+19 
186+26 
191+26 


Avg. 


167+24 
170+27 
185+34 


176432 
177+30 
178+33 


169431 
182+32 
182+38 
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Table 7. Surface areas of cells in various tissue zones of raw 


tubers* 


Cell surface area (x10 um) 
Location in Tuber wt. 
Alberta (g) Cortex Perimedullary Pith Avg. 
zone 
South 110-168 7.9+2.4 9.9+2.8 9.2+2.4 8.9+2.6 
169-224 7 64252 10,5429 10,522:8 9,342.9 
225-336 8.94+1.9 14.5+4.4 9.6+3.4 1), 12452 
Central 110-168 71222220 11354038 11 .64320 10.0+3.6 
169-224 7 292240 13202482 9,442.2 10, 123,6 
225-336 8.3+2.6 12372406 10.6227 10.3%3°.9 
North — 110-168 6.5+1.7 1224229 103 442553 9 .2+3.4 
169-224 8.4+2.4 13,4244 Tig te3eU 10.8+3.8 
225-336 7.44+1.9 15224437 11.7280 10.8+4.6 
“Determined from diametric measurements of cells by assuming that the 


cells are spherical in shape. 
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Table 8. Volumetric size of cells in the cortex, perimedullary, 


and pith regions of raw tubers* 


Location in Tuber wt. 
Alberta (g) 


South 110-168 
169-224 
225-336 


Central 110-168 
169-224 
225-336 


North 110-168 
169-224 
225-336 


* 
Determined from diametric measurements of cells by assuming the cells 


to be spherical in shape. 


Cell volume (x10 um?) 


Cortex Perimedul lary Pith 


zone 
24120 320+) <3 HET boi bp 
.0+0.9 Seoties Bis hal t 
5+0.8 5.4+2,4 CAF. 
1.9+0.8 3.84+1.9 S26+10 
1058 ta aaa ged fa Oe 
25+ 16) 4,542.5 3.381 
62087 4.14+1.4 Bcf ie 
223t1.0 AS C#22 3 Sf mat le. 
1.9+0.7 5842.6 3.941. 
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Figure 11. Light micrographs showing longitudinal sections of raw 
tuber tissue zones. 


a. cortex 

b. perimedul lary 
S.. <pien 

d. vascular bundle 


ti. g 
’ 
® hen 
F ri t 
is 
¢ ~— 
4 
= 
s 
* 
° 
, J 
7 ae 7 


, 7 
’ ee i! 
i" ~ _ nel 


7) 
pert aatgnad gah agarruerotn ait. 
mt? tomes event 
ba y ‘ 
ip, | 
ry a 


. ence 


di 
al 
7 
} 


4 


‘ 


constitute at least 75% of the tuber size, are polyhedral in 
Shape, while pith celis are often elongatede Thus, some 
errors may be introduced when the cells (elongated cells in 
particular) are treated as spheres in the determination of 
surface area and volumetric sizee However, as pointed out 
by Keeve et ale (1371), since the lLengethiwidth ratio ot most 
elongated celis Lies within the range of 3:2 to 5:4, the 
error does nct appear to be significante Figure lld 
provides evidence for the abundance in the vascular bundle 
area of small starch grains which are auite resistant to 
gelatinizatione AS shown in Table 9, the gelatinization 
temperature is related to starch grain size, the larger the 
Size ot the grain, the more susceptible it is to 
gelatinization (ieee, the lower the gelatinization 
temperature )e 

The distribution of starch grain sizes in the tuber 
(Table 10), a: tactor reported to be positively related to 
Se eee (Barrios et ale, 1963), was statistically shown to 
be unaitected by tuber weight or growth location (Tabie 4). 
Furthermore, the observation that the 38-53 and <J8 pm 
fractions predominate (92-7-98.01%) in all tubers sujports 
the earlier findings of Johnston et ale (1970). 

Although no difference was found in the starch grain 
Size distribution in tuber samples from the 1977 harvest 
year, starch ans isolated from tubers of the 1978 hnarvest 
Showed a highly significant (p=0-01) variation with growth 


Location (Table 4) of IBC and, thus, amylose content (Table 
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Table 9. Gelatinization temperature of size-graded starch 


grains* 


Grain size, um 


74-106 
53-74 
38-53 
20-38 
<20 


Gelatinization temperature, %s 


56-59 
56-60 
57-61 
59-65 
60-70 


* 
Determinations made on starch samples isolated from 
Southern Alberta grown Netted Gem potatoes. 
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Table 11. Iodine binding capacity (IBC) and amylose content 
of starches of various potato tubers. 


Location in 


Alberta Tuber wt. (g) IBC* Amylose (%) 
South 110-168 4 .149+0.099 Zi o20 250 
169-224 4 .218+0.044 212 o0t0l 22 

225-336 4 .254+0.077 21.68+0.39 

Central 110-168 4.076+0.061 2027720731 
169-224 4 .193+0.083 21.37+0.42 

225-336 4.140+0.089 21.10+0.45 

North 110-168 4.001+0.105 20.39+0.54 
169-224 4.049+0.105 20.63+0.54 

225-336 4.060+0.103 20.69+0.53 


*On a dry basis. 
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11). The amylose content was independent of tuber weight. 
These findings and the fact that larger grains contain more 
amylose (Geddes et ale, 1965) imply that starch grains from 
Southern and Central grown tubers, regardless of tuber 
weight, should contain higher populations cf larger grains 
than those from Northern Albertae Our findings are in 
agreement with those of some European potato cultivars -- 
Putz et ale (€1£78) also found a significant influence of 
year and Location on starch grain size and, thus, on amylose 
contente Tne effect of fertilizer was less pronouncede An 
increase in the population of larger grains was observed 
only with N at a tlevel above 160 kg/ha. 

Sto raide of tubers up to 6 months at 49C, as shown by 
Jonnston et ale (1968), generally has no influence on starch 
@rain size distributione They did, however, cbserve a 
ditference in the distribution pattern of Netted Gem tubers 
from Alberta and resheiocy apie leading them to suggest that 
growing Em hae have a marked influence on the 
distribution pattern of grain sizeSse 

The tuber ash content and its mineral composition are 
given in Table 12. On a dry matter basis, the ash content 
averaged Ge71, 4e-tly, and 54617%, respectively, for tubers 
from Southern, Central, and Northern Albertae Nedium size 
tubers from all tocations had the highest ash content -- a 
finding the significance of which is not well understood. 
Tne mineral composition varied among tuber sizes and among 


tubers from different Locations, and did not follow a 
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consistent trende The higher average P value reported for 
Central Alberta potatoes may be associated with the 
increased P fertilization (Laughlin et ale, 1974) practised 
in that area relative to the other two locationse Increases 
in K and Ca concentrations in the tuber were also reported 
by the same authors to accompany high rates of P 
applicatione In accordance with this report, Central 
Alberta tukters were found to possess the highest average K 
contente This effect, however, was not observed for Ca in 
the present studye 

The mineral composition of starch grains is given in 
Table 134¢ Only 0.36% ash was found, with Fy, Cay Mey Ky and 
Na being the predominant constituents. The content of P was 
highest for Central and lowest for Northern Alberta starch 
semples, with some variability due to tuber weight -- a 
result which paralleled the tuber P contents provided in 
Table 1l2e Based on the results obtained by the ion-exchange 
method, oe Ary ee P was 4342, 396, and 40.6%, 
respectively, of the total P of Southern, Central, and 
Northern grown tuberse The starch P is present as 
ortnophosphate esterified with the Ce-hydroxyl of the 
glucosyl residues of the anylopectin molecule. The 
periodicity cf occurrence cf the P in the amylopectin 
moiety, as found by Samotus and Schwimmer (1962), decreases 
with increasing maturitye This suggests simply an increase 
in starch P with maturitye Contrary to this suggestion, 


Geddes et ale (1965) failed to demonstrate any change in 
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starch P content with increased starch maturitye 

Of interest was the observation that the starch P 
values obtained by wet ashing were consistently higher than 
those obtained by the ion-exchange method. This discrepancy 
appears to be accounted for by the digestion of 
lysophospholipid Py, which is present in native starch in the 
form of a clathrate compounde 

The Levels of Ca and Mg bound to starch phosphate 
appeared to be lowe However, when ammonium oxalate was 
Omitted during starch isolation, a Jeera increase in Ca 
content was obtainede As found by Haydar et ale (1979) in 
the same potato tubers, up to 50% of the Ca content is bound 
to Agee ang cell wail rpectinse The levels ot K were high 
in all tubers. Nevertheless, only 0.96, 1407, and 04.70%, 
respectively, were found in starch from Southern, Centrail, 
and Northern grawn potatoese 

The overall mineral composition in tubers of different 
weights and locations, and bound to tuber starches, though 
without a consistent trend or pattern, plays an important 
role in influencing potato texturee The role of mono- and 
divalent cations in mealiness and stloughiness of cooxked 
potato tissue was emphasized by Linehan and Hughes 
(196Y¥a_yb), Zaehrineer and Cunningham (1971), and Bartolome 
and Hoff (1972). Of particular interest was the finding of 
the latter authors that divalent cations (esfecially Ca) 
bound to starch were released upon starch gelatinization, 


diffusing to the cell wall, where interaction with free 
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carboxyl grcups cf pectic substances brought about increased 
intercellular adhesion. This mechanism is largely 
responsible for tissue firming in the preccoking stage of 
potato processing into dehydrated flakes or granulese 

Metal cations have a profound effect on starch itselfe 
They influence the gelatinization temperature, and 
substantially decrease the swelling power (SP), solubility, 
and viscosity of starche These changes are due to 
neutralization of starch phosphoric acid with cations, which 
bring abcut either a decrease in negative charge ot the 
molecules, or cross-linkages between two adjacent 
amylopectin chains (Haydar et ale, 1979)e 

Less well documented is the role of metal cations in 
metabolic ckanges in starch grains of the tuber (Shekhar and 
Iritani, 197&).e Ca and Mg were shown to promote sucrose 
Synthesis due to their ability to activate sucrose 
synthetase (Delmar, 1972). On the other hand, P derived 
from Le by activating starch-degrading enzymes and 
inhibiting those involved in starch biosynthesis, can 
influence the overall process of starch-SsSugar 
interconversion, a process of great importance during tuber 
storazee 

The swelling and solubilization characteristics of the 
starch grains are presented in Tables 14 and 15, 
respectivelye The swelling and solubilization patterns, as 
a function of temperature, are illustrated in Figures 12-17. 


Starch grains from small and medium sizes of Central Alberta 
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Percent solubles at various temperatures of potato starch. 


Table 15. 
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frown tubers exhibited the highest SP and solubilization 
(Figures 1J3 and 16, respectively). However, when percent 
solubility of these starches (for 3 tuber sizes) was plotted 
against SP (Figure 19), the ditference ceased to existe 
Small variations in swelling and solubilization patterns 
were found among starch samples from Southern and Northern 
grown tubers (Figures 12, 14, 15, 17). Figures 18 and 20, 
illustrating the relationship between percent solubility and 
SP tor these starches, also reveal little differencee 
Analysis of data from Table 14 shows that the effect of 
Location on starch SP is significant at p=0.01 (Table 4), 
whereas the effect of tuber size is significant only at 
p=G.0S. Neverthetess, no generalizations could be made 
about the influence of tuber size, since the effect 
fluctuated with LlLocatione 

The high SP observed with the starches from the small 
and medium sizes of Central Alberta tubers may be attributed 
to the eed starch P content (Table 13), owirg to the 
polyelectrolyte character that the ester phosphate groups 
impart to the starch molecule (ieee, repulsive forces due to 
the negative charge in amylopectin molecules )e However, the 
high starch F contents of large sizes of Central Alberta 
tubers did not parallel their SP valuese 

Tne processing quality of potato tubers grown in 
Alberta was assessed by their suitability for French friese 
Frozen French fry quality is dependent on such attributes as 


flavor, color, oil content, crispness, and mealiness (Isleib 
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et ale, 1964). In the present study, oil uptake served as a 
quality criterion: the lower the uptake, the better the 
qualitye Also, oil uptake in the end product, aside from 
affecting its textural quality, represents an economic 
parameter in industrial-scale French fry productione As 
seen from Table 16, oil uptake of tuber strips, expressed on 
a dry weight basis, is significantly influencea by wrowth 
Location (p=0.01), while tuber weight shows no effecte 
Based on these data, Southern grown tubers were favored for 
French tfriesSe The Lower oil uptake corresponded with the 
high DM of these tubers (see Table 5)e Thue, the results 
Support the generally accepted opinion cf processors that 
tubers of high DM content usually yield a finished fried 
product characterized by a favorable low oil uptakee 

As indicated eartier, there is no significant 
ditference in the average cell size between tubers on the 
basis of location (Tables 4, 6-8). Intercellular adhesion, 
as erected ty celt to cell contact, shculd tnerefore be of 
comparable strength in all tubers. The minor variations in 
the divalent cation contents among tubers and their starch 
grains (Tatles 12 and 13) appear to be rather unlikely to 
cause a difference in intercellular adhesicn, if the claim 
by Bartolome and Hoff (1972) is valid that increased 
adhesion can result from bridge formation between the cell 
wall lamella pectin and divalent cations, particularly those 
released trom starch upon gelatinizatione Thus, the high 


starch content of the tuber, a factor significantly 
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Table 16. Oil uptake of French fries prepared from various 


tuber samples. 


Location in Alberta 


South 


Central 


North 


Tuber wt (g) 


110-168 
169-224 
225-336 


110-168 
169-224 
225-336 


110+168 
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Oil uptake (% 


Tse 
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correlated with mealiness (Barrios et ale, 1961b), may have 
major implications for the frocessing quality of a tuber in 
French fry productione The starch content of Southern grown 
tubers is significantly higher (at p=0.01) than Central and 
Northern grown tuberse Since the average tuter cell volume 
does not differ among tubers on the basis of location, it 
follows that Southern Alberta tubers have, on the average, a 
higher amount of starch per cell volumee Such tuber tissue 
was expected to experience enhanced cell separation upon 
heat treatment in water prior to French fryinge As evident 
from Figure 21kb, gelatinization of starch grains within a 
cell packed with a large number of grains results in the 
entire cell volume being filled with gelatinized starche 
This opservaticn coincides with SEM findings ot Fedec et ale 
(1377), who observed that, white gelatinized starch grains 
occupy the entire volume of cortical cells, the cetts most 
densely packed with starch erains (see Figure lla), the 
perimedullary or pith cell volumes are only partially 
filled. 

Based on the above rationale, it is logical to assume 
that French fries prepared from Southern Alberta tubers 
would take up less oil due to less void space being created 
between gelatinized starch and the cell wall, and also to 
the ability of yelatinized and retrograded starch to 
effectively impede oil rfenetration to cells beneath the 
strip surfacee 


In spite cf the high starch content of Southern grown 
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Figure 21. Transmission electron micrographs illustrating: 


a. a starch grain surrounded by a double membrane 
from a raw tuber cortical cell 


b. gelatinized starch occupying the entire cortical 
cell volume in cooked tissue 
(GS, gelatinized starch; CW, cel] wall) 


tubers, enhanced cell separation upon cooking is not 
observed in conumercial French fry processinge The present 
practice, involving precooking of strips at 709C for 5-8 
min, followed by cooling in water and reheating at 70°C for 
5-8 min before deep-frying in oil, is then welt understood 
and justified. Precooking at 70°, based on our findings, 
should gelatinize all the starch grains within the cell and 
release the divalent cations of starch which are needed for 
cell wall firming. Cooling in water should bring abcut 
starch retrogradation and assist in cell wall firminge 
Subseguent heating at 709°C would then not result in 
sloughing or sgfontaneous cell separaticone Ag a result of 
these firming effects imparted to the cell wall, and, 
particularly, to the middle lamella, tissue cléeavac¢e or 
minute fissure development, which woutd otherwise provide 
routes for an additional 10-15% oil uptake, are prevented. 
Tne microscopic investigation carried out by Reeve and 
Neel (1960) on French fries and chirs provides verification 
of the above claimse The frying process brought about a 
more rapid dehydration of the gelatinized starch in the 
surface cells than in the center of the French fry stripsSe 
As frying proceeded, expansion of steam entrapped in the 
cells beneatk the strip surface, especially in the 
intercellular spaces, resulted in localized cell separation 
(blister formation), as intercellular cohesion became 
weakened by solubilization of the middle lamella pectic 


substances tetueen adjacent cell walls. As water escaped in 
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the form of steam there was movement of oil into the void 
Space that had formede The authors could not detect the 
presence of absorbea oil in the strip interior, but did find 
that the oil was localized mainly in the cellulosic cell 
walls and intercellular spacese However, their observation 
was restricted to French fries prepared withcut water 
blanching, when cell separation was not prevented. The oil 
in French fries prepared with blanching would be localized 
in the void space within the cell, rather than in the 
intercellular space, since cell separation would be 
etfectively controlled. 

In addition to obtaining basic knowledge of the tuber 
and starch ckaracteristics with respect to tuber weight and 
tuber growth location, the present study alsc included 
examination cf potato starch gelatinization by SEM in an 
attempt to gain some insight into the ultrastructure of the 
starch graine Micrographs illustrating tne starch grain 
Rd deters 5 at various stages of gelatinization (from 
56-709) are shown in Figure 22. 

The process of starch gelatinization, according to 
Badenhuizen (1969), involves an initial uptake of water by 
starch molecules within the grain structuree The uptake is 
followed by disruption of the molecular organization, being 
ereatest around the hilume A clear demonstration of this 
Phenomenon is seen in Figure 22be A cavity results, and it 
enlarges as sunelling proceedse Starch molecules, mainly 


amylose, diffuse into the cavity, with fused layers of 
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Figure 22. Scanning electron micrographs of native starch grains 
undergoing gelatinization. 
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lectron micrographs of native starch grains 


. Scanning e 


Figure 22 
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Scanning electron micrographs of native starch grains 


undergoing gelatinization. 


Figure 22. 


64°C 


: {4 
Re 


66 C 


70°C 


k. 


entangled amylopectin molecules surrounding the cavitye 
Observations of the present study strongly support such a 
starch gelatinization concept. Development of a cavity in 
the grain interior is evident in Figure 22ce This is even 
more pronounced in Figure 22f as the grain underzoes a more 
advanced stage of gelatinization.e The radial fibrillar 
organization in the wall next to the cavity, which is 
readily discernible in both figures, is a feature favored by 
Sterling (1974, 19876) in his starch grain ultrastructure 
concepte Also of interest were the findings related to tne 
existence cf fibrillar structures which traverse 
longitudinally along the grain surface (Figures 22d,e)-. The 
Sienificance of these observations, however, is not yet 
understoode 

Concentric tamellations, readily distinguishable in the 
fracture face of an intact starch grain, are illustrated ia 
Figure 22g. This structure agrees with the appositional 
growth ae the starch grain as advanced by Badennuizen and 
Dutton (1956). Such a lamellar concept was also favored by 
Gruber et ale (1973), who envisaged the grain ultrastructure 
as consisting of an amylose core surrounded by layers of 
crystalline isodiametric micelles of folded amylopectin 
molecules stabilized in the pleated section of Lamellation 
by intermotecular hydrogen bondinge 

Our finding that small starch grains are resistant to 
gelatinization (Table 9) is confirmed in Figures 22h and 


22je Starch grains of diameters less than 30 pm remain 
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intact even at 669C. Complete gelatinization, however, is 
in evidence at 709°C (Figure 22k). 

The gelatinization study provided evidence in support 
of the existence of both lamellar and radial organization of 


starch molecules within the potato starch graine 
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Ve CONCLUSION 

Tuber dry matter and starch contents were significantly 
higher for potatoes grown in Vauxhall compared to those trom 
Winterburn or Feace River. The iodine binding capacity and 
amylose contents of starches from Vauxhall and Winterburn 
grown tubers were significantly higher than those from Peace 
Rivere Another advantage of Vauxhall pctatces was their 
Signiticantly Lower oil uptake relative to the other two 
locations. There was no influence of growth location on 
tissue cell size or starch grain distribtutione The largest 
tuber size, regardless of tocation, had the largest cell 
Size€e On the cther hand, there was no significant 
difterence between tuber size as regards tuber dry matter 
and starch contents, starch grain size distribution within 
the tuber, oil uptake, and starch iodine binding capacity 
and amylose contente 

As found in this study, tuber size should not be 
Pte ae a as a factor of great importance in decisions 
pertaining to raw material selection for commercial-scale 
processing into French friese Rather, growth location 
should be accorded greater attentione The causes that bring 
about such location effects, though not elucidated in this 
study, are undoubtedly of a complex nature, and are very 
likely attributable to the interaction of environmental 
factors and cultural practicese 

The present evidence favors Southern over Central or 


Northern Alberta grown tubers for French fry processing, 
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Since the Southern tubers have high dry matter and starch 
contents and low oil uptake. However, exact relationships 
between oil uptake and other tuber and starch variables 
studied cannot be established. Consequently, it is 
suggested that dry matter and starch contents be used as 
guidelines in plant breeding programs intended for upgrading 
ot the processing quality of Central or Northern Alberta 


gwrewn tuberse 
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